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SAN  FRANCISCO  BAY  AND  SACRAMENTO-SAN  JOAQUIN  DELTA 


ABSTRACT 


THE  STUDY 

This  report  presents  the  results  of  a Corps  of  Engineers'  effort 
in  developing  alternatives  for  the  management  of  wastewater  and  sludge 
including  wastewater  reclamation  alternatives,  as  related  to  the  land 
treatment  of  wastes.  Two  regional  wastewater  management  concepts 
incorporating  land  application,  each  including  three  separate  alter- 
natives for  municipal  and  industrial  discharges,  are  described  and 
evaluated  in  terms  of  the  objectives  of  national  economic  development, 
environmental  quality,  social  well-being,  and  regional  development. 
Land  application  techniques  for  treating  wastewater  offer  a viable 
alternative  means  of  meeting  Federal  and  State  water  quality  objec- 
tives and  goals  for  many  areas  of  the  12-county  San  Francisco  Bay 
and  Sacramento-San  Joaquin  Delta  Region.  Information  presented  will 
provide  input  to  the  State  of  California's  water  quality  planning 
program,  especially  in  the  development  of  the  State's  "Comprehensive 
Water  (Quality  Control  Plans"  for  basins  within  the  San  Francisco  Bay 
and  Sacramento-San  Joaquin  Delta  Region. 

CONCLUSIONS 

Concerning  the  feasibility  of  the  development  of  land  application 
alternatives  for  wastewater  management  on  a regional  basis: 

a.  The  development  of  land  application  alternatives  for  waste- 
water management  on  a regional  basis  is  feasible  and  could  produce  an 
effluent  comparable  to  tertiary  treatment. 

b.  The  ultimate  disposal  of  sludge  could  be  accomplished  through 
the  use  of  land  application. 

c.  Through  the  use  of  land  application,  a valuable  resource, 
reclaimed  water,  could  be  recovered  and  beneficially  used  for  various 
enhancement  purposes. 

d.  No  major  soclo-ecological  or  economic  factors  have  been 
identified  which  would  negate  wastewater  management  by  land  applica- 
tion . 

RECOMMENDATIONS 

Based  on  the  work  accomplished  in  this  study  and  its  resultant 
conclusions,  it  is  recommended  that  the  Corps  of  Engineers: 

a.  Provide  technical  assistance  to  the  State  of  California  on 
land  treatment  systems  for  the  disposal  of  municipal  and  industrial 
effluents,  as  requested,  in  completing  and/or  updating  Comprehensive 
Water  Quality  Control  Plans  for  basins  within  the  San  Francisco  Bay 
and  Sacramento-San  Joaquin  Delta  Region; 


V 


b.  Continue  and  expand,  under  the  original  study  authorization 
and  in  cooperation  with  the  State  of  California  and  the  Environmental 
Protection  Agency,  data  collection  and  analysis  of  non-point  sources 
pollution  including  urban  stormwater  runoff;  and, 

c.  Be  authorized  to  prepare,  in  cooperation  with  the  State  of 
California  and  its  local  governmental  agencies,  subregional  feasi- 
bility reports  on  land  treatment  of  municipal,  Industrial,  and  non- 
point discharges  in  the  12-county  San  Francisco  Bay  and  Sacramento- 
San  Joaquin  Delta  Region  with  the  objectives  being  consistent  with 
conprehensive  policies  and  plans  for  water  quality. 
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SUMMARY  REPORT  ON  LAND 
APPl.rCATTON  ALTERNATIVES 
FOR  WASTEWATER  MANAGEMENT 


INTRODUCTION 


AUTHORITY 

I.  This  study  has  beeu  undertaken  in  partial  response  to  various 
Conpressional  actions  which  directed  the  Corps  of  Engineer's  involve- 
ment in  water  qualitv  control,  measures  for  waste  liisposal  anci 
wastewater  nuinagement  alternatives  i i the  San  Erincisco  Rav  and 
Sacramento-San  Joaquin  Delta  Region  of  California.  The  Corps' 
ei^forts  in  develoning  regional  alternatives  for  the  manavemi-nt  of 
wastewater  and  sludge  are  summarized  in  this  document.  Numerous 
appendices  support  this  summary  report.  Followin',  are  the  su-cific 
authorities  for  this  Interim  report: 

a.  Sacramento,  San  joaquin  and  Kern  Rivers,  California, 
Resolution,  House  Committee  on  Public  Works,  8 May  196<!i- 

"Resolved  by  the  Committee  on  Public  Works  of  the  House 
of  Representatives.  United  States,  that  tlie  Board  of 
Engineers  for  Rivers  and  Harbors  is  hereby  requested 
to  review  the  reports  on  Sacramento,  San  Joaquin  and 
Kern  Rivers,  California,  published  as  House  Document 
191,  73rd  Congress,  Second  Session,  and  other  reports 
with  a view  to  determining  the  feasibility  of  remedial 
measures  for  water  nualitv  control  and  other  purposes, 
included  in  comprehensive  development  of  the  Sacramento- 
San  Joaquin  Delta,  including  verification  of  conclusions 
bv  model  analvsis  as  deemed  necessary,"  adopted  8 May 
1964. 

b.  fan  Francisco  Bay,  California,  Water  Oualitv  Control  Study, 
Sectio'i  216  Flood  Control  Act  of  1965  - PL  89-298; 

"The  Secretary  of  the  Army  is  hereby  authorized  and 
directed  to  cause  to  be  made,  under  the  direction 
of  the  Chief  of  Engineers,  an  investigation  and  study 
of  San  Francisco  Bav  California,  including  San  t’ablo 
Bay,  Sulsun  Bav,  and  other  adjacent  bav-  ano  tribu- 
taries thereto,  with  a view  toward  determln''ng  the 
feasibility  ot,  and  extent  o'"  t',.(jera’  nfe-esi  :n , 
measures  ‘'or  waste  ■Jisof's.il  and  water  'ual  tv  i-ontri'l 
and  allied  purposes." 
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c.  Kesol  lit  i oil , House  Committee  on  Public  Works,  November  1 7 

''Resolved  by  the  Committee  on  Public  Works  of  tlie 
House  of  Representatives,  United  States,  that  the 
'Hiard  of  Knsineers  ‘‘or  Rivers  and  Harbors  is  re- 
(uested  to  determine  the  advisability  of  improve- 
ments in  the  Interest  of  wastewater  management  and 
alternatives  thereto,  in  the  San  Francisco  Bav, 

California  area,  including  San  Pablo  Bay,  Suisun 
av , and  other  adjacent  bavs  and  tributaries  thereto, 
in  connection  with  InvestlRations  authorized  for 
t udy  of  San  Francisco  Bay,  California,  by  Section 
’Ih  of  the  Flood  Control  Act  of  1965." 

d.  Committee  Kesolui ion.  Senate  Committee  on  Public  Works, 

2 3 Novembe  t 19  71  • 

"Resolved  by  the  Committee  on  Public  Works  of  the 
"nited  States  Senate,  that  the  Board  of  Engineers 
'(  ■-  Rivers  and  Harbors  is  requested  to  determine 
the  advisability  of  improvements  in  the  interest 
'1  wastewater  management  and  alternatives  thereto, 
in  the  San  Francisco  Bav,  California  area.  Includ- 
ing San  Pablo  Bav,  Suisun  Bav,  and  other  adjacent 
’ dvs  and  tributaries  thereto,  in  connection  with 
investigations  authorized  for  a study  of  San  Fran- 
cisco Ray,  California,  by  Section  216  of  the  Flood 
Control  Act  of  1965:  and  for  Sacramento,  San  Joa- 
quin and  Kern  Rivers,  California  by  Resolution 
dated  8 May  1964  by  the  Committee  on  Public  Works 
I the  House  of  Representatives,  United  States. 

!■  carrvlng  out  the  aforesaid  investigation,  the 
Hoard  shall  evaluate  general  alternatives  for  the 
management  of  wastewater  on  a regional  basis,  in- 
cluding the  elimination  of  pollutant  discharges 
and  shall  conduct  such  investigation  with  the 
participation,  consultation  and  cooperation  of 
the  Environmental  Protection  Agency  and  State  and 
local  water  pollution  control  agencies  and,  where 
annropri ate , State  and  local  agencies  with  envlron- 
iT»intal  planning  responsibilities." 


INTERAGENCY  AGREEMENT 

2.  On  8 March  1972  the  California  State  Water  Resources  Control 
Board,  Region  '’X  of  the  Environmental  Protection  Agency  and  the 
U.S.  Armv  Engineer  District,  San  Francisco,  executed  a Joint 
agreement  for  interagencv  water  quail  tv  management  planning 
assistance.  As  specified  bv  the  agreement,  the  Corps  is  to  pro- 
vide planning  assistance  to  the  State  of  California  In  the  pre- 
paration of  "Comprehensive  Water  Qualitv  Control  Plans"  for  basins 
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within  the  San  Francisco  Bay  and  Delta  Region.  In  order  to  provide 
this  planning  assistance,  four  specific  oblectives  were  outlined 
in  the  "Joint  Agreement"  for  study  by  the  Corps  of  Engineers; 

a.  Development  of  alternatives  for  treatment  processes  incor- 
porating land  application  of  wastewater; 

b.  Development  of  alternatives  for  disposal  of  treatment  system 
sludge  by  means  of  land  application; 

c.  Development  of  alternatives  for  wastewater  reclamation  and 
use  as  related  to  land  application  procedures;  and, 

d.  Evaluation  of  above  alternatives  in  terms  of  the  objectives 
of  national  economic  development,  environmental  quality,  social  well- 
being, and  regional  development. 

3.  In  addition,  it  was  agreed  that  the  Corps  of  Engineers  would 
not  directly  address  non-point  sources  of  pollution  such  as  urban 
storm  water  runoff  and  agricultural  drainage  in  this  wastewater  man- 
agement report.  Also,  the  cities  of  San  Francisco  and  Sacramento 
constitute  the  only  sources  of  combined  sanitary  sewage  and  storm- 
water flow  in  the  study  area  and  since  these  excessive  flows  are 
under  local  study  these  combined  flows  were  not  Included  in  the 
Inves t Lgation . 

4.  Final  alternatives  developed  in  this  report  are  comprised  of 
combinations  of  land  application  components  and  conventional  waste- 
water  treatment  plants.  Conventional  treatment  components  have  been 
included  since  previous  investigations  have  shown  that  the  most  viable 
systems  of  wastewater  management  Involving  land  application  would  be 

a combination  of  both  types  of  improvements.  Consideration  of  con- 
vent it>nal  treatment  components  was  also  necessary  to  develop  general 
data  oil  .sources  and  amounts  of  treatment  system  sludge  which  might 
b€>  applied  to  land  and  to  develop  a range  of  full-system  costs. 

5.  An  al  1 tertiary  treatment  system  also  is  presented  only  for  the 
purpose  of  providing  a basis  for  cost  comparison  and  to  depict  hov; 
the  sludge  from  a complete  water-oriented  disposal  scheme  could 
ultimately  be  disposed  of  by  land  application  if  a tertiary  treat- 
ment alt<  rnatfvi'  were  selected. 

SOURCES  OF  DATA 

6.  Several  investigations  have  been  conducted  by  other  agencies 
and  ori.nri  at  ions  concerning  various  topics  pertinent  to  this  studv. 
;>ub'ect  t ios  ringed  trom  Lind  use  and  population  growth  to  regional 
wastewater  maiagement  plans  us  well  as  the  future  programs  of  the 
local  municipalities,  sanitary  districts,  and  the  Regional  Water 
(Quality  Control  Boards  within  the  study  area.  Assistance  on  the 
technical  rsnects  of  wastewater  management  was  obtained  from 
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numerous  published  sources  ol  Federal,  State,  and  IoCctI  agencies, 

• ii'd  from  various  articles  or  papers  available  in  tlie  literature. 

v'st  ol  tiiese  data  sources  are  on  file  at  the  San  Francisco  District 
lift  ice,  I'.S.  Army  Corps  of  Engineers,  100  McAllister  Street,  San 
irancisco,  California,  94102. 

STUDY  DH.IECTIVES 

7.  When  the  Congress  autuorized  the  Corps  of  Engineers  wastewater 
study,  it  did  so  with  the  understanding  that  the  study  would  be 
conducLin!  in  tlie  context  of  the  State's  requirements  as  well  as 
those  ol  other  Federal  agencies  involved  in  water  quality  manage- 
ment. The  Corps'  role,  tiien,  is  primarily  one  ol  assistance  to 
till'  State,  and  not  to  conduct  an  independent  investigation.  The 
two  ctbjectives  of  tiiis  study,  therefore,  were:  (a)  to  assist  the 

St.ite  ol  Calilornia  in  the  development  of  its  Comprehensive  Water 
Quality  Control  Plans  for  the  .‘mn  Francisco  Bay  and  Sacramento- 
S.in  Joaquin  Delta  Region;  and,  (b)  to  determine  the  feasibility 
<>f  wastewater  disposal  oriented  primarily  to  the  use  of  land  ap- 
plication as  a renovation  technique. 

H.  No  specific  alternative  is  recommended  for  adoption  by 
the  State.  The  function  of  the  study  has  been  to  develop  data  and 
to  analyze  alternatives  oriented  toward  land  application  of  waste- 
water  and  sludge  in  order  to  assist  the  State  in  judging  which 
method,  or  combination  of  methods,  for  the  disposition,  reuse 
nr  reclamation  of  wastewater  is  most  suitable  for  adoption  in  ;he 
basins  and  subbasins  of  the  12-county  Bay-Delta  Region.  The  inform- 
ation generated  from  this  study  has  been  furnished  to  the  State  of 
alitornia  and  the  Environmental  Protection  Agency. 

PAR'IH  IPATION  AND  COORDINATION 

Parti'  i p.i  t ion 

9.  Information  and  data  presented  in  this  report  reflect  the 
maximum  use  of  previous  study  efforts  by  Federal,  State  of  California, 
regional,  and  local  agencies.  In  order  to  provide  for  the  specialized 
expertise  and  local  experience  in  engineering  and  environmental  areas, 
Several  consulting  firms  provided  technical  input  for  this  study 
under  contract.  A listing  of  these  consulting  firms  is  shown  on 

the  Inside  back  cover. 

(ioordlnat  ion 

10.  This  study  has  been  coordinated  on  a continuing  basts  with 
and  has  had  active  participation  of  Region  IX  of  the  Environmental 
l’rotectl<’n  Agency,  the  State  of  California  Water  Resources  Control 
Board,  and  the  California  Regional  Water  Quality  Control  Boards. 

During  tile  conduct  of  this  study,  informational  presentations 
were  made  to  the  San  Francisco  Bay  Conservation  and  Development 


Comulssion,  the  Association  of  Bay  Area  Hovernments,  the  Bay  Area 
Sewage  Services  Agency,  the  San  Francisco  Bay  Water  Qualitv  Group, 
tlie  California  Regional  Water  Control  Boards.  Several  monitoring 
sessions  on  report  development  and  progress  were  held  with  repre- 
sentatives of  the  Environmental  Protection  Agency  and  various  State 
agencies.  In  addition,  the  public  was  informed  of  the  Corps'  studv 
and  assisted  in  its  conduct  by  means  of  public  meetings,  workshops 
and  through  visits  made  by  Corps  personnel  to  individuals  within 
the  studv  area. 

rf;port  arrangement 

11.  This  Interim  report  consists  of  a summary  report  and  eleven 
appendices,  bound  in  nine  volumes,  which  are  summarized  below  (see 
Figure  1) ; 

a.  Vol.  1,  Appendix  A - Background  Information.  This  appendix 
has  as  its  basis  an  earlier  report  on  wastewater  management  entitled 
"Alternatives  for  Managing  Wastewater  in  the  San  Francisco  Bay  and 
Sacramento-San  Joaquin  Delta  Area"  prepared  bv  the  I'.S.  Armv  Corps 
of  Engineers,  San  Francisco  District  in  July  1071.  This  apnendlx 
contains  all  pertinent  background  information  regarding  the  study. 

b.  '.'ol . 11,  ,\ppendix  B - Plan  Formulation.  This  appendix  summar- 
izes the  engineering,  economic,  environmental,  social,  and  institu- 
tional inlormation  used  for  the  development  of  wastewater  mar  igement 
alternatives  and  their  evaluation.  Numerous  secondary  apnendices 
support  this  appendix. 

c.  Vol.  Ill,  Appendix  B1  - Design  and  Cost.  This  appendix 
presents  the  detailed  engineering  design  data  and  concepts  utilized  to 
lormulate  the  various  wastewater  and  sludge  management  alternatives 
ind  tiu-ir  associated  costs.  Detailed  cost  estimates  arc  presented  in 
Attachment  A to  this  appendix. 

d.  Vol.  IV,  Appendix  B2  - Environmental.  This  appendix  presents 
the  environmental  considerations  in  regard  to  the  land  appliation 
concept  of  wastewater  management. 

e.  Vol.  V,  Appendix  B3  Social  Well-Being.  This  appen.llx 
relates  the  social  .adjustments  anticipated  with  regard  to  tin-  waste- 
water  management  alLernutlves  presented. 

f.  Vol.  V,  Appendix  B4  - Dubl ic  Health.  This  appendix  presents 
t'.ie  public  health  implications  of  the  land  applicaton  of  wastewater 
and  sludge. 


Vol.  VI,  Appendix  BS  - Legal  and  Instl tut ional . This  appendix 
summ;i  r i ze.s  the  legal  concerns  and  Institutional  arrangements  with 
respect  to  various  wastewater  man. igement  ;i  1 ternat 1 ves • 


h.  Vol.  VT , Appendix  B6  - Public  Involvement.  This  appendix 
summarizes  the  activities  of  the  San  Francisco  District  in  involvinp 
the  public  and  special  Interest  groups  in  the  wastewater  man. element 
program. 

i.  Vol.  VTI,  Appendix  B7  - Evaluation.  This  appendix  presents  the 
environmental,  social,  economic  and  special  considerations  evaluation 
concepts  for  each  of  the  wastew,  ter  management  alternatives  developed. 

).  Vol.  VIII,  Appendix  C - Plates  for  Appendices.  This  appendix 
furnishes  all  the  plates  developed  for  the  study. 

k.  Vol.  IX,  Appendix  D - Comments  on  the  Brochure.  This  appendix 
reflects  all  comments  received  as  a result  of  the  public  information 
brochure,  "Land  Application  Alternatives  for  Wastewater  Management" 
which  was  released  in  December  1973. 
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FIGURE  I 


THE  STUDY  AREA 


CKNERAI.  CHAi^CTERISTICS  ('F  THE  AREA 

' ' The  study  area  in  this  report  is  located  in  west-central 
i..i.ifornia  and  consists  of  Lhe  San  Francisco  Bay  and  Delta  estuarine 
svstein  and  adjacent  land  are. is  covering  12  counties  (Pl.ite  1)  with 
a t ital  area  of  about  10,000  square  miles.  About  80  percent  of 
he  12-countv  land  area  is  tributarv  to  the  Bay  and  Delta  estuarine 
svstem.  The  remaining  20  percent  is  ( omprised  of  portions  of  Marin, 
M'lioma,  San  Francisco,  San  Mateo  and  Santa  Clara  Counties  wliich 
train  to  tlie  Pacific  Ocean  either  directly  or  hy  way  oi  streams  not 
tributary  to  the  Bay.  Tlie  study  area  includes  significant  areas 
ic:ignated  by  the  California  State  Water  Resources  Control  Board  as 
’■.isin  Planning  Areas.  it  includes  the  San  Francisco  Bay  Basin, 
i rtions  of  planning  basins  in  the  Central  Valley  (Sacramento  River, 
icraraento  - San  Joaquin  Delta,  and  San  Joaquin)  and  areas  within 
e Mc-th  Coastal  and  Central  Coastal  Basins.  The  Basin  Planning 
' eas  lesignated  by  the  State  Water  Resources  Control  Board  are 
' Town  on  Plate  2 . 

11.  The  San  Francisco  Bay  system,  consisting  of  San  Francisco  Bay 
proper,  San  Pablo  Bay,  Carqulnez  Strait  and  Sulsun  Bay,  extends 
• rom  tile  Colden  Gate  north  about  30  miles  and  then  east  for  about 
?')  miles  to  Pittsburg,  and  south  about  40  miles  to  the  vicinity 
San  Jose.  The  Bay's  only  connection  with  the  ocean  is  through 
tile  Golden  (iate.  Tlie  San  Francisco  Bay  drainage  basin,  as  distin- 
guished from  the  overall  tributary  area  to  the  Bay,  totals  some 
4,000  square  miles,  of  which  about  425  square  miles  are  the  Bay's 
water  surface  at  mean  high  water.  The  Bay's  shoreline  is  about 
275  miles  long  at  mean  high  water  and  contains  substantial  marsh- 
land areas. 

4.  Tlie  San  Francisco  Bay  and  Delta  estuarine  system  and  Pacific 
'■ean  were  divided  into  five  water  quality  zones  to  permit  dif- 
erentiation  of  water  quality  in  different  parts  of  the  system. 

■f:i>'se  zones  are; 

a.  South  San  Francisco  Bay  - southerly  from  San  Francisco-Oakland 
Bt'dge  to  southern  tip  of  the  Bav. 

b.  Central  Bay  - the  area  north  of  San  Francisco-Oakland  Bridge, 
F.m  Pablo  Bay  to  Carquinez  Bridge. 

c.  Carqulnez  Strait  - Sulsun  Bav  - Carquinez  Bridge  to  Chlpps 
s land . 

d.  Sacramento-San  Joaquin  Delta  - a triangular  region  of  about 
1,100  square  miles  lying  to  the  east  of  Chlpps  Island. 

e.  Pacific  Ocean  Area  - The  continental  shelf  extending  about 
iO  miles  westerly  from  the  Golden  Gate  has  a slope  of  about  23  feet 
per  mile  to  the  lOO-fathom  contour.  The  Farallon  Islands  are  located 
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ne;u  tin-  seaward  limits  of  tlie  shelf.  Located  on  the  si;e’ f about 
ei>>iiL  miles  west  of  the  Golden  Gate  is  a semi-circular  bar  whose 
elevation  is  36  feet  or  less  below  mean  sea  level.  The  bar  has  been 
improved  for  deep-draft  navigation  by  means  of  a channel  dredged  to 
.in  luttiorized  depth  of  55  feet. 

15.  Major  municipal  wastewater  dischargers  in  the  study  area  are 
listed  in  Table  1 and  shown  on  Plate  3.  These  dischargers  were 
deUgnated  as  major  municipal  dischargers  because  of  the  population 
tiiev  serve,  wastewater  flows  treated,  and  their  relative  geographic 
K-. at  ions.  Present  municipal  and  industrial  waste  load  data  for 
the  study  area  prior  to  treatment,  as  shown  on  Table  2,  were  com- 
piled from  various  consulting  engineer  reports  to  tlte  Calltornia 
Ke ’.ional  W.iter  Quality  Control  Boards  and  to  the  U.S.  Army  Corps 
" t Kng i nee  rs . 


Gi  OGPxAi  HY 


L’.im.ate,  Geology  and  Topograph'. 

1'  . Ihere  are  wide  contrasts  in  climate  within  short  di  tances  around 
San  Francisco  Bay.  In  San  Francisco,  sea  fogs  and  low  stratus  cloudiness 
associated  with  them  are  characteristic  of  the  climate.  In  the  summer 
tic  temperature  of  the  San  Francisco  Bay  area  is  usually  Low  near  the 
coast  .ind  atmospheric  pressure  relatively  high  while  the  interior  of 
G.ill'ornia  is  characterized  by  the  opposite  in  both  elements.  This 
li-nds  to  intensify  the  landward  movement  of  air  and  to  make  the  pre- 
lillng,  westerly  winds  brisk  and  persistent,  especially  from  May  to 
■oirust . As  a result  of  the  steadv  sweep  of  air  from  the  Pacific, 
there  are  few  extremes  of  heat  or  cold.  Pronounced  wet  and  dry 
.-.easons  are  another  characteristic  of  the  climate.  On  the  average, 
almost  85  percent  of  the  total  annual  rainfall  occurs  between  November 
end  Aptil.  Tlie  climate  of  Oakland  and  other  East  Bay  citie.s  is  similar 
to  that  of  San  Francisco,  but  daily  mean  temperatures  are  about  four 
degrees  higlier  at  maximum  and  four  degrees  lower  at  minimum.  Annual 
precipitation  at  Oakland  Airport  is  about  three  Inches  less  than 
San  Francisco's  20.5  inches. 

17.  The  Sacramcnto-San  Joaquin  Valley  is  characterized  by  warm 
dr.-  summers  and  mild  winters  except  for  the  highest  altitudes.  In 
tile  -nountains  tlie  summers  are  warm  and  dry  but  winter  temperatures 
bel('w  free-.'ing  frequentlv.  The  summer  droughts  are  the  result 
V subtropiea  high  pressure  belt  located  off  the  coast  which 
pr«' vents  siinnier  rain' all.  In  winter,  the  high  pressure  area  moves 
.o  • u>  ‘-outh  .-iiul  allows  Pacific  storms  to  move  Inland  and  deposit 
; moi-.urc  ever  the  watershed.  The  centers  o'"  these  storms 

I.  .j.i;*',-  -'ass  <)viT  the  basin  -irea.  The  mild  winter  .'’Imate  is  due 
" h(  mucierating  otiects  oi  he  Pacific  Ocean  on  the  one  side  and 
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TABLE  1 

MAJOR  MUNICIPAL  V/ASTLWATER  DISCHARGERS 


IDEMT'-'ICATION 

NL’i'.SER 


( I)  (2) 


DISCHARGER 


AlAKEDA  COUNTY 


ALOl  1 

' 2 03  025 

AL02  ! 

2 03  037 

AL03  i 

2 LL  043 

A]-0;  ' 

2 03  070 

AL05  : 

2 03  100 

AL06  1 

2 02  119a 

ALOV  I 

2 I L 129 

AL03  1 

12  LL  130a 

AL09 

2 ’ L 016 

ALIO 

2 01  119b 

ALII 

'2  01  119c 

AL12 

|2  LL  078 

CCOl 

1 

.2  08  004 

CC02  i2  03  01 9d 

CC03  1 

i2  03  010 

CC0-. 

1 2 08  012 

CC05 

12  07  017 

CC06 

2 05  021 

CC07  1 

'2  05  076 

CCOS  j 

2 08  077b 

CC09 

2 94  032 

CCIO 

2 05  086 

cell 

2 05  103 

CC13 

2 05  038 

ecu  I 

06  019b 

CC15 

2 07  063 

CC16 

2 07  018 

CC17 

2 05  019a 

CC18 

2 08  077a 

CC19 

2 CS  069 

i 

MROl 

KIi02 

2 10  164 

kko5 

05  036 

MR  04 

2 05  040 

MR05 

2 04  057 

MK06 

: 04  081 

Er.st  Bay  Municipal  Utility  Dlst.  - Special  Dist.  No.  1 

City  of  Ha^'V'ard 

City  of  Livermore 

Ora  Loma  Sanitary  District 

City  of  San  Leandro 

Union  Sanitary  District  - Alvarado 

Valley  Coirrr.unity  Services  District 

Veterans  Administration  Hospital  - Livermore 

Castlewood  Corporation 

Union  Sanitary  District  - Irvington 

Union  Sanitary  District  - Newark 

City  of  Pleasanton 


CONTRA  COSTA  COUNTY 


City  of  Antioch 

Contra  Costa  County  Sanitary  District  Mo.  15 

Brentwood  Sanitary  District 

Byron  Sanitary  District 

Central  Contra  Costa  Sanitary  District 

Crocliett  - Valona  Sanitary  District 

City  of  Pinole 

City  of  Pittsburg  - Camp  Stoneman  Plant 

City  of  Richmond 

Rodeo  Sanitary  District 

San  Pablo  Sanitary  District 

Tovm  of  Hercules 

Contra  Costa  County  Sanitary  District  No.  5 
Mountain  View  Sanitary  District 
City  of  Concord 

Contra  Costa  County  Sanitary  District  No.  7A 
City  of  Pittsburg  - Montezuma  Plant 
Oakley  Sanitary  District 

MARIN  COUNTY 


Angel  Island 

Bollnas  Community  Public  Utility  District 

Hamilton  Air  Force  Base 

Las  Calllnas  Valley  Sanitary  District 

City  of  Mill  Valley 

Richardson  Bay  Sanitary  District 


1 of  5 


TABLE  1 ( CONT'D  ) 

MAJOR  MUNICIPAL  WASTEVVATFR  DISCHARGERS 


IDENVIFICATI 

NUMBER 


(1)  1 

(2) 

Miio; 

;>  LL  160 

KROS 

? O'.  050 

’;ko  ) 

2 O’.  051 

KRl  c 

2 05  052b 

MHl  1 

2 0 • 104a 

MR  17 

2 04  106 

MRl  1 

1 

MRIA 

|2  :0  115 

MRl  . 

12  05  lOVb 

MRl  6 

2 0.  C52c 

MRl  7 

12  C"'  057a 

C5  003 
O'  015 
05  064 
LL  071 
05  091 
05  131 
L!.  065 
05  054 


DISCHARGER 


Mill  Valley  Air  Force  Base 

Marin  County  Sanitary  District  No.  1 

Marin  County  Sanitary  District  No.  5 

Marin  County  Sanitary  i i strict  No.  6 - Novato 

San  Kafael  Sanitary  District  - Main  Plant 

Sausalito  - Marin  City  Sanitary  District 

Stinson  beach 

TotnalcB  Sewer  Maintenance  District 
San  Fcifael  Sanitary  District  - Marin  Bay  Plant 
Marin  County  Sanitary  District  No.  6 - bahla 
M*arin  County  Sanitary  District  No.  6 - Ignacio 

NAPA  COUNTY 

American  Canyon  County  Water  District 

City  of  Callistoga 

Napa  County  Sanitation  District 

Pacific  Union  College 

City  of  Saint  Helena 

Veterans  Horae  of  Yountvllle 

Napa  Valley  Mobile  Horae  Park 

Mcadowood  Development  Company 

SACRAMENTO  COUNTY 

Sacramento  Metropolitan  Airport 

Sacramento  County  Central  Sanitation  District 

City  of  Folsom 

City  of  Galt 

City  of  Isleton 

Natoraas  County  Sanitation  District 

City  of  Sacramento  - Main  Plant 

Saci.T'.ento  Signal  Depot 

City  of  Walnut  Grove 

Rio  Dlnda  County  Water  District 

LInwood  Sewer  Maintenance  District 

Highlands  Sanitary  District 

Arden  Sanitation  District 

McClellan  Air  Force  Base 

Northeast  County  Sanitation  District 

Sacramento  County  Sanitation  District  No.  6 

Cordova  Sanitary  District 

Arden  Gold  Sanitary  District 

Folsom  Prison 
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TABLE  1(  CONT'D  ) 

MAJOPx  MUNICIPAL  WASTEWATER  DISCHARGERS 

IDl-INTIrICATIC:: 

NUMRER 

DISCHARGER 

(i) 

(E) 

ST22 

3A  34  051 

city  of  Sacramento  - Meadowlew  Plant 

r,T23 

5A  34  Ull 

Manlove  Sever  Maintenance  Oistrlct 

ST  2 4 

5A  34  031 

Mather  Air  Force  liat;e 

ST2:. 

'-J 

c 

O 

hlk  Grove  Sanitary  District 

CITY  ADD  COinirf  OF  SAN  FIDANCISCO 

SF02 

2 04  140a 

San  Francisco  - North  Point  Plant 

S1'03 

2 10  140b 

San  Francisco  - Richmond  Sunset  Plant 

SKO^'i 

2 04  140c 

h^San  Francisco  - Ecutlicast  Plant 

SF05 

2 04  1.5a 

U.S.N.  Treasure  Island 

SFOC 

2 03  125b 

U.S.N.  Yerba  Buena  Island 

SAN  JOAQUIN  COUNTY 

SJOl 

5B  39  055 

Deuel  Vocational  Institute 

SJ02 

5C  39  Oil 

City  of  F.scalon 

SJOl 

511  39  017 

Lockeford  Sanitary  District 

SJOl 

5U  19  025 

City  of  Lodi 

SJOl 

5C  39  048 

City  of  Manteca  6 Lathrop  County  Water  District 

SJ07 

5C  39  001 

Sharpe  Amiy  Depot 

SJOS 

5B  39  040 

City  of  Stockton  - Main  Plant 

SJO  * 

5B  39  050 

City  of  Tracy 

SJIO 

58  39  033 

City  of  Stockton  - Northwest  Plant 

SJl  1 

5K  19  030 

Lincoln  Village  Sanitary  District 

SJl-' 

5B  39  007 

Woodbvldge  Sanitary  District 

SJl 

5C  39  003 

Ra^Tiius  Village 

SAN  MATEO  COUNTY 

SM01 

2 02  094 

Cities  of  San  Carlos  and  Belmont 

SM02 

2 Cion 

City  of  Burllnraae 

SKO  • 

2 '.1  028 

Estero  Municipal  Improvement  District 

5MU-. 

2 >■'  035 

Guadalupe  Valley  Municipal  Improvement  District 

SM^l 

:■  ’ 17  7 

Half  Moon  Bay  Sanitary  District 

SMO.. 

0.  056 

I'.enlo  Park  Sanitary  District 

SKu 

• 056 

City  of  Mi.lhrae 

SKI  . 

j.  . 067 

North  San  Mateo  County  Sanitation  District 

SM''V 

\2  10  072b 

City  of  Pacifica  - Linda  Mar  Plant 

SKIO 

2 02  080 

City  of  Redwood  City  (Including  Pvodvood  Shores) 

SMll 

2 10  072a 

City  of  Pacifica  - Sharp  Park  Plant 

SKI  2 

2 03  102 

City  of  San  Mateo 

SKI  3 

2 03  110 

Cities  of  South  San  Francisco  and  San  Bruno 

SK  J •• 

2 10  ObO 

Montara  Sanlt.irv  District  . , , 

3 of  5 
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TABLE  1 ( CONT'D  ) 

MAJOR  MUrv'ICIPAL  WASTEWATER  DISCHARGERS 


iDL'irriFicATio:: 

NUf'ir3ER 

DISCHARGER 

(I) 

(Z) 

SM] 

0.1  090a 

Sin  Franc i SCO  International  Airport 

S:!16 

10  034 

Granada  Sanitary  District 

SANTA  CLARA  COUNTY 

SCOl 

; 43  oil 

Cities  oi  Gilroy  and  Morgan  Hill 

St:  02 

01  099 

City  of  San  Jose 

SOOT 

01  113 

Citv  of  Sunnyvale 

SCO-* 

: 01  074 

City  of  Palo  Alto 

SC05 

. 01  0C2 

City  of  Mountain  View 

St'06 

^ 01  O'.G 

Citv  of  Los  Altos 

SCO? 

: 01  039 

Milpitas  Sanitary  District 

sc  08 

. 01  002 

City  of  Alvlso 

SOLANO  COUNTY 

Si.OJ 

2 Of  009 

City  of  lienee i a 

si.o.: 

3A  4"  024 

City  of  Dixon 

Sl.O'i 

2 07  029 

Fairfield  - Suisun  Sewer  District 

Sl,04 

: C-  124 

U.S.N'.  Marc  Island 

SLOS 

Oil  4'  009 

City  of  Rio  Virta 

S!,OG 

2 43  005 

City  of  Vacaville  - F.lmlra  Plant 

SL07 

; OL  128 

Vallejo  Sanitation  and  Flood  Control  District 

SL08 

)B  07  11/ 

Travis  Air  Force  Base 

SI.IO 

48  006 

Vacaville  M‘'dlcal  Facility 

SLl] 

48  004 

City  of  Vacaville  - Brown  St.  Plant 

SONOMA  COUNTY 

SN’02 

:h  49  067 

Russian  River  County  Sanitation  District 

SC03 

-0  o.'5 

City  of  Clovcrdale 

SN04 

Li  -.9  0'7 

Fdt’ostvl ] le  County  Sanitation  District 

SNOS 

IS  . 063 

Souona  County  Airport 

SN06 

; » * » ' *,/ ' 

Stewards  Training  and  Recreation  Inc. 

SN07 

.3  49  038 

City  of  Healdsburg 

SNOS  j ;'  ■'O'' 

Los  Guillcos  School 

st;09  ■ Ob‘. 

Windsor  County  Water  District 

SNIO  f '6'" 

City  of  Santa  Rosa  - Oakjr.ont  Plant 

SNll 

' ..  03'. 

City  of  S.*nta  Rosa  - College  Avenue  Plant 

SN12 

’ 4v  'yj', 

City  of  S;inta  Rosa  - Laguna  Plant 

SNl  J 

n.  071 

City  of  Sebii'-topal 

SN15 

4- 

: ejega  Bay  Prbllc  Utility  District 

— C.’.’Ln 

'^.'c  1 den' 1 CrMintv  Sanitation  District  4 of  5 
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TABLE  1 ( CONT  D ) 

MAJOR  MUNICIPAL  WASTLV/ ATER  DiSCKARGERG 


IDENTIFICATION 


DISCHARGER 


IB  49  092 
2 03  025 

2 05  109 

2 05  123 


Cities  of  Rohnert  Pari:  tind  Cotati 
City  of  Pctalnria 

Sonom  Valley  County  Sanitation  District 
U.S.N.  Skaggs  I.sland 

YOLO  COUNTY 


>A  57  020  City  of  Davis 

■jA  57  024  El  Macero  Sewer  Maintenance  District 

5A  5.  019  I'niverslty  of  California  at  Davis 

jTt  57  003  West  Sactar.ento  Sanitary  District 

5A.  57  017  City  of  Winters 

)A  5 013  City  of  Woodland 

lA  57  008  Esparto  Sanitary  District 

;A  5^  009  Madison  Service  District 

5A  57  002  Knights  Landing  Service  District 


(1)  As  used  in  this  report. 

(2)  As  used  by  the  State  Water  Resources  Control  Board  in 
"interim  Water  Quality  Control  Plans,"  dated  June  1971 

- Not  identified. 


O»»of 


TABl,'  2 


►fUNICIPAI,  AND  INDUSTKIAL  LOADIN^^S  - 10  72 


Countv 

FLOW  (MOD) 

ROD 

TDS 

_ tn 

T|. 

GHM-T 

Alameda 

162.4 

307.8 

929.8 

44.7 

17.5 

12.8 

Contra  Costa 

198.0 

317.3 

1,210.8 

64.2 

12.7 

5 .9 

Mar  i n 

22.0 

42.7 

126.5 

5.3 

2.5 

2 . 3 

Napa 

19.4 

29.4 

1 39 . 7 

5.9 

3.7 

5.1 

Sacramento 

111.4 

294.5 

647.4 

32  .0 

12.0 

8.1 

San  Francisco 

107.6 

232.7 

631.3 

31  .6 

12.3 

5.8 

San  -loaquin 

74.2 

188.7 

410.8 

IK.  6 

6.8 

12  . / 

San  M.ateo 

66.9 

143.1 

386.1 

17.2 

7.0 

4.5 

Santa  Clara 

149.2 

377.7 

861.5 

4 3.7 

16.3 

20.4 

Solano 

30.2 

76.2 

167.8 

8.  ; 

3.1 

3.4 

Sonoma 

21.5 

59.4 

117.5 

h . 1 

2 . 1 

3.0 

Yolo 

23.9 

59.9 

114.1 

5.2 

1.8 

7.9 

TOTALS 

986.7  2 

,129.4 

5 ,743. 3 

23  3.2 

97.8 

91  .9 

All  values  except  flow  are  reported  as  1 ,000  Ibs/d.iv. 

(Gross  Heavy  Metals  - Total)  includes-  Arsenic,  (^idmium. 
Cliroraium,  Cobalt.  Copper,  Iron,  Lea<i,  Man)^anl■se,  Mercurv, 
Molybdenum,  Nickel  and  Zinc. 

BOD  (Biochemical  Oxysen  Demand)  is  the  amount  of  ( xvgen  required 
to  decompose  orpauic  compounds  to  stable  sub.' tances  . 

TDS  (Total  Dissolved  Solids)  is  that  quant  Itv  of  mineral  ni.it  ter 
contained  in  wastewater  in  a dissolved  state. 

TN  (Total  NItropen)  is  t’le  total  qu.antitv  o'"  nltropen  pn^sent 

in  the  form  of  ammonia,  I'rimnic,  nitrite,  and  n i t rat  e-ni  t reccn  . 

TP  (Total  I’hosphotus)  i>-  the  total  quantity  of  plu'sphorus  present 
in  the  form  o1  orthorhospli.ites , condensed  phosphates,  and 
orpanlc  phosphites. 


IS 


t lu  lij'ti  b.trrier  of  the  Sierr.'i  Nevada  rariRe  which  (irotccts  i ho 
''.sin  ttom  tlii>  lold  air  masses  of  the  interior  on  the  other  ^e . 

I oe  v.illov  1 loor  is  free  of  trost  during  the  growing  season  v 'h 
ISO  avtM.u’O  rojt-free  period  being  more  than  seven  and  or.c-i.ilt 
riinths.  The  vallev  floor  has  an  average  of  15  days  when  the  min- 
imim  iiperat  uies  fall  !>elow  52  degrees  F.  Maximum  temperatures 
in  tn.  Slimmer,  however,  will  exceed  100  dovrees  F,  on  an  average 
f 1 d ivs  each  vear  and  exceed  90  degrees  F.  about  45  davs  o: 

• ach  ear.  Relative  humidities  in  sumru  r varv  from  about  35  per- 
. ell'  ■ .1  89  pe rcent . 

1 , The  12-county  area  encompasses  parts  of  two  geomorphic  provinces 
)•  Cal’fornia,  the  Coast  Ranges  and  the  Croat  Valiev.  Each  province 
i..  < irac  ter  ized  by  distinctive  natural  topographical  and  geological 
■ ea'i  e.; . The  Coast  Ranges  comprise  a series  of  nearly  parallel 
'’K'untain  ranges  and  valleys  that  trend  in  a northwesterly  direction 
and  rise  to  elevations  of  over  4,000  feet.  This  trend  is  largely 
antrolled  bv  the  geologic  structure  in  the  underlying  rocks  which 
i dominated  by  the  active  San  Andreas  Fault  system  running  nearlv 
t e ul1  length  of  the  Coast  Ranges.  In  contrast,  the  Great  Vallev 
cons'. sts  ot  a central,  comparatively  flat  alluvial  plain,  about  400 
m'les  long  and  50  miles  wide,  lying  between  the  Coast  Ranges  and  the 
Sie'-ra  Nevada  range  to  the  east.  Flevatlons  in  the  Great  Valley, 
wi'M  few  exceptions,  range  from  sea  level  to  100  feet.  The  vallev 
is  drained  by  the  Sacramento  and  San  Joaquin  Rivers,  which  ioln  in 
t'e  Oelt.i  area  before  entering  San  Francisco  Bav.  The  southernmost 
p irt  01  file  Great  Valley,  the  Tulare  Lake  Basin,  is  an  interior 
drainage  basin  with  no  direct  drainage  to  the  sea.  It  is  separated 
from  other  portions  of  the  San  Joaquin  Valley  bv  a very  low  divide. 

19.  The  Sacramento  and  San  Joaquin  River  sub-basins  (including 
Tulare  Lake  Basin)  drain  about  one-third  of  the  area  of  California. 

The  two  rivers  are  the  principal  source  of  fresh  water  and  are  the 
primary  means  by  which  agricultural  wastewaters  are  carried  from 
the  Central  Vallev.  Prior  to  any  development  by  man  in  the  Central 
Valley,  the  natural  outflow  through  the  Delta,  In  a normal  water 
vear,  was  about  30  million  acre-feet.  Because  of  water  use  within 
the  Central  Vallev  and  net  exports  'rom  its  basin,  the  present  average 
Delt.i  outflow  is  about  18  million  acre-feet  per  vear.  As  water  use 
'n  the  Central  Valley  increases  anH  exports  from  the  basin  grow,  it 
.as  been  estimated  that  the  net  Delta  outflow  may  be  as  low  as  seven 
million  acre-feet  in  vear  2020.  The  greater  part  of  municipal  and 
Industrial  wastewaters  analyzed  in  this  report  derive  from  Fresh 
wacer*-  that  are  introduced  into  the  12-county  area  as  water  supply 
< iverslons  from  the  headwaters  of  the  two  river  basins. 

streams  draining  into  San  Francisco  Bav  have  a combined 
mean  .innu.il  discharge  of  about  450,000  acre-feet.  tne  mean  normal 
annual  precipitation  over  the  Bav'  local  drainage  area  is  19 
inches.  The  mean  annual  evanoraiion  over  the  entir>  llav  system 
i.s  about  48  inches. 


1 A 


21.  The  mean  range  of  tide  at  the  Golden  Gate  is  about  five  feet,  with 
a mean  tidal  prism  in  the  Bay  of  about  1.2  million  acre-feet.  The  total 
water  volume  at  mean  high  tide  in  the  Bay  system  is  about  5.5  million 
acre-feet.  Thus,  the  mean  tidal  prism  is  about  21  percent  of  the  total 
volume  of  water  in  the  Bay. 

NATURAL  RESOURCES 

22.  The  major  natural  resource  of  the  San  Francisco  Bay-Delta  Region 
is  its  continuous  waterways  which  serve  a major  role  in  the  areas 
commercial  and  manufacturing  growth.  Petroleum,  natural  gas,  sand, 
and  gravel  are  the  items  most  economically  significant  of  the  mineral 
resources  of  the  area.  Other  valuable  resources  include  mercurv, 
salt,  sulphur  and  peat. 

23.  Other  Important  natural  resources  in  the  study  area  are:  the 

fertile  productive  lands,  sustaining  an  agricultural  output  valued 
at  500  million  dollars  per  year:  Important  fish  and  wildlife  areas 
in  which  sport  fishing  is  a major  recreational  use  of  San  Francisco 
Bay-Delta  waters;  and  the  marshlands  of  the  Bay  and  Delta  which  are 
'moortant  to  the  migratory  birds  using  the  Pacific  Flyway. 

'DEMOGRAPHY  AND  CULTURE 

24.  The  population  of  the  12 -county  study  area  has  tripled  over  the 
past  40  years,  with  approximately  60  percent  of  the  Increase  occurring 
in  the  last  20  years.  The  growth  rate  of  the  12-county  study  area 
ove’-  '■he  last  20  years  has  lagged  slightly  behind  that  for  the  entire 
State.  However,  several  counties  within  the  study  area  have  experienced 
over  100  percent  growth  in  the  last  20  years  (Table  3).  The  principal 
cities  shown  on  Table  3 represent  those  cities  which  had  a population 

in  excess  of  100,000  during  the  year  1970. 

25.  The  professional,  technical,  and  managerial  fields  were  the 
largest  occupation  group  in  the  studv  area  in  1970;  over  614,000  people 
or  28  percent  of  all  people  employed  worked  in  this  group.  Clerical 
.ind  kindred  workers  were  the  second  largest  occupational  grouping;  21.5 
percent  were  employed.  People  in  farming  occupations  were  the  smallest 
grouping,  onlv  1.4  percent  were  employed  in  this  group. 

LA.ND  USE 

26.  The  present  land  use  character  of  the  studv  area  Indicates  a 
•'iversl'v  elements  hardly  matched  by  any  oth€>’  region  o*”  the 
■’ou.it  rv.  Such  an  evolution  to  its  present  status  can  be  seen  in 

ms  o*  these  distinct  develooment  periods; 
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1970  POnUATlON  OK  THF.  12  OOUNTIF.S  IN  STUDY  ARKA 
AND  THF  PRINCli'AF  CITIFS  1/ 


' oun  t V 

urowth  Rate 
1950-1970  1! 

County 
Popu lat ion 

Principal 

City 

Principal  City 
Population 

A 1 irioda 

1 .45 

1 ,07  1,000 

Oakl and 

362,000 

u.'ntra  Ci'sta 

1.86 

558,000 

Marl  n 

2.40 

206,000 

N.  r.  ' 

1.70 

79 ,000 

S.i.  ’■•tniento 

2.25 

631 ,000 

Sacramento 

254,000 

S.in  . incisco 

.90 

716,000 

San  Francisco 

716,000 

S lu  Joaquin 

1.45 

290,000 

Stockton 

108,000 

S.in  Tareo 

2.35 

556,000 

Santa  Clara 

J.65 

1 ,065,000 

San  Jose 

444 ,000 

So  1 ano 

1.60 

170,000 

Sononia 

1.95 

205,000 

Yoio 

2.20 

92,000 

Tolu  1 

5,641,000 

1/  lliin  au  of 

Census  figuri-s  to 

nearest  thousand. 

2/  Cii  1 i I i.rn  in  grnwlh  rate.  19‘1(J-1970  = 1 .R5  (Ihiroau  of  Census). 
' r >w^l  rate  del  ined  as  1970  population  t 1950  popul  itlon. 


r 


The  i;old  Kush  of  tlie  mid-1800's. 


I 

I 

t 


I 


I 


;3 . 

b.  Tlu.'  iniroduction  ot  rail  t ransporl  .it  Ion  in  llu  ' 'te  1800'.;,  and 

c.  The  events  o‘  national  and  intern;it  ional  inport  in.  e,  such  as 
tin  wars  and  space  exploration  from  early  IhOO's  to  todav. 

.\s  1 result  , petroleum,  communications,  shipping  .and  t ransport.ition  , 

in.ince  and  commerce,  aerospace,  military,  research,  electronics, 
'.overnment,  manuf.acturing,  and  agribusiness,  .imong  other  economic 
.1.  ; ions,  h.ive  all  heliied  to  create  the  current  "dyn.amism"  the 
stiidv  area. 

27.  In  the  study  area  growth  and  development  of  the  urbanized  area*, 
enerally  followed  the  bay  shoreline,  directed  largely  bv  the  constraint.; 

of  the  terrain,  provision  of  transportation  facilities,  and  the  loc.U  ion 
ol  imtiortant  economic  and  service  activities.  Sacramento  prew  outward 
from  the  core,  generally  in  a southerlv  direction  at  first,  but  more 
recent  Iv  to  the  northeast.  By  and  larg.e,  the  pattern  of  urban  land  con- 
sumption was  predictable  and  evolved  in  a natural  and  los-'i’a!  manner. 
..rowtn  was  forced  along  clearly  deline.ited  flat  areas  and  t ranspc'rt  at  ion 
system.s.  The  most  urbanized  counties  in  terms  of  area  are:  San  Francisc.. 

(70  percent),  San  Mateo  (20  percent).  Contra  Costa  (20  percent)  and 
Alameda  (20  percent).  The  least  urbanized  in  area  are;  Sonoma  .and 
Naoa  (both  slightly  over  2 percent),  Yolo  (3  percent)  and  Solano  (i.5 
■'e’"ceni  ) . 

KCONOM'C  ACTIVITY 

28.  Total  employment  for  the  studv  area  was  about  2,363,000  for  1070. 
•overnment  and  service  employment  are  the  Largest  and  fastest  growing 

employment  groups  in  the  studv  region  with  emplovment  of  500,000  and 
'*98,000,  respectively.  The  tin.inci.il  industry  centered  in  San  Francisco 
iJso  has  experienced  rapid  growth. 

2'*.  Emplovment  In  agriculture  has  di'clined  in  the  last  five  years. 

Ill  reased  efilclencv  in  f.irm  technolo'’v  has  outpaced  the  growth  in 
demand  of  agricultural  products  le.adiug  tc  the  long-term  decline 
1'i  igriiultural  employment.  Despite  I'mplovim'nt  declines,  u;ri- 
cul'ure  is  a very  important  Industrv  ti'r  the  area.  For  example,  the 
‘'’Kramento  Valiev  is  n leading  producer  o|  Iruits,  nuts,  and  ield 
tri'i's  .iiul  Napa  Valle."  nroduc  e...;  some  o'  th.  be.-,'  remium  C.al  orni  i 
• .d'  I e wines  . 

.•  . During  1970  m.'in'ifacturl  ng  emp  .'vment  averared  >88.  'Oi)  One 
'he  lat'.est  ..ndustries  ii>  manu  f .■•■  t ur  ing  is  the  electr  pachinerv 
istr'y"  with  6f),000  in  en'^  i .ymet'!  uTiolesale  .ind  retai  ' ade  con- 
s’I'uted  about  A8ti  ,000  in  emplovmint  in  1 S.m  Fian  ..  .>  'loiintv 

■ '.1  the  largest  trade  em]' 1 .)'’ment  . 
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STUDY  ART.A  IN  T'lK  KUTITU- 


I'ACTORS  Am  CTINC  KUTUR1-:  f.ROWTH 

31.  rho  .iro.i's  economir  growth  will  cont  inm-  to  fiop<-n<)  upon  n 
combinat  ion  ot  iiuenial  and  external  factors.  The  repi(ni  has  an 
expan.sive,  diversified  and  we.iltliy  market.  To  the-  extent  that 
the  region  nviint.iins  a desirable  livinr,  environment  , a well  edu- 
I'ated  ami  productive  labor  force,  and  continues  t.'  be  a favorable 
Ic'cation  for  investment,  it  can  be  expecteil  to  pew  it  i ‘ast  pace. 

I’OI'UDAT  K'N  PRO.IECTIONS 

32.  Two  population  projections  were  considered  in  this  stndv.  The 
first  was  the  Series  D-150  develope<J  by  the  California  Department 

O'  "inance.  The.se  values  are  the  population  levels  general  Iv  utilized 
bv  the  State  of  California  for  basin  planning.  There'ore,  this  study 
was  also  based  on  the  same  popul.tLion  data.  The  second  projection 
was  the  I'.-O  series,  also  developed  bv  the  California  Department  of 
Finance.  The  E-0  series  is  of  interest  to  many  agent  ies  and  segments 
o the  nublir  as  a 1 ranx'  of  reference  for  future  pi  innin>'.  '.rant 
re-.’u  1 at  lon.s  of  she  State  Water  Resources  Control  Board  f.ir  wastewater 
treatment  tatllities  make  use  of  these  projections  in  critical  air 
basins.  Also,  the  E-0  series  is  used  for  planning  in  critical  air 
basins  as  discussed  later  in  this  report.  Table  4 showr  t >u‘  Series 
D-15F  and  Series  E-O  population  nrojections  for  the  count  les  within 
t'  • study  area.  With  the  Serie<-  )-150  projections,  the  p.  i .alation  of 
the  study  .irca  can  be  expected  to  increase  from  a 107S  p.  ulatlon  of 
about  O.l  Tiillion  people  to  9.2  million  in  2000,  an  appro.-.imate  in- 
crease of  51  percent,  and  witli  the  Series  E-0  projection.',  the  pop- 
ulation of  the  study  area  can  be  expected  to  increase  Item  about  6.0 
million  people  in  1975  to  7.h  million  in  2000. 

I'kn.TFCTED  1.AND  USE  - 2000 

)J.  Will!.'  'Or  '.he  purpose  of  iliis  report  otlier  project  ituis  are 
■ arrit-a  ! t'le  '.iMr  2020,  1 -ind  use,  relying  on  imiependei. t proiec- 

inns  ,m-  ..irried  only  to  the  year  2000.  The  shorter  time  span  is 
iiu-  •()  the  interdependence  and  complexities  assoi  i.ated  wit  . l.ind 
.s*'  ( ro  jee  i ions  . 

»..  . rue  12  counties  of  thi  study  are.i  are  projected  to  ha\'e  .i 
’tai  '.’ulatlon  of  over  9.2  million  peupli*  bv  2f)(l(i  '.5  plus 

ill  ion  in  tlie  Bay  region  (9  counties)  and  1.7  million  'n  the 
'elt.*  ' ’ counties),  I'ist  ribut  ion  and  characi  erist  i.  r o future 
leve  .opment  will  depend  on  location  of  employment,  .ii  ce -s  i b i I i t v 
jobs  to  residenti.il  areas,  large-sc.ilc  planned  'lousing  scbeines, 

• •.IV ronnieii  t .a  I concerns,  ind  pl.anning  (ontrol:.,  re-.i’ iiu’  both  loca- 
tion and  fntenslty  of  i.uid  ii.ses.  Most  industries  wi.l  row  t.ister 
outside  the  more  densely  ileveloped  and  st.ahilized  ci>re  .ire. is.  As 
tfiis  fairiing  out  process  ctmtinues,  a suhsl.inti.il  decent  • .a  1 i z.it  i on 
<>  the  stuily  are.a  economy  will  occur.  Except  lor  occ. tsional 
iiist.ance.'i , real  dispersal  or  recen  t r.i  1 i .'at  i on  1.''.  iinlikelv.  Much 
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of  the  available  "skipped  over"  land  within  urban  metropolitan 
areas  wili.  be  filled  in.  Densities  will  probablv  increase  in  urban 
renters  and  alonp  transportation  corridors;  e.g.,  BAR!'  (Rav  \rea 
Rapid  Vransit  Svsteml.  By  and  larpe,  !uture  development  will  be 
eliarac to r 1 zed  bv  more  compact  KfouplnRS  and  intense  land  utilization. 

IS.  The  maioritv  of  new  employment  and  indu-strial  opportunities 
(urbanization)  is  expected  to  occur  as  an  expansion  of  already 
'■xistlni;  centers.  It  appears  that  areas  particularly  favored  bv 
■ibsolute  expansion  potential  are:  South  Bay  (San  .Jose  area),  Central 
Contra  Costa  County,  Southeast  Bay  (Fremont  area).  Central  Alamed.a 
County,  and  Sacramento  m*’ t ropol  i tan  area.  Likewise,  areas  forecast 
for  p.reater  proportion  of  growth  increase  are  the  smaller  (in  pop- 
ulation) counties;  Sonoma,  Napa,  Marin  and  Yolo.  Particular  ex- 
pansion is  also  projected  for  the  Pittsburg-Antloch  area  (Contra 
Costa  County)  and  areas  adjacent  to  the  San  Francisco  and  Oakland 
Airports.  San  Francisco  City  ami  County  will  continue  to  retain 
its  position  as  the  center  for  finance  and  commerce.  S.icramento 
County  wit!  Increase  its  role  as  a governmental  and  service  center. 
Ran  dose  nn'tropoiitan  area  will  show  the  greatest  growth  in  economic 
divers! tv  and  as  an  area  of  increased  importance  as  an  urban  center. 
It  appear;;  that  the  density  in  terms  of  population  per  overall  urban 
metropolitan  areas  will  be  stabilized  in  the  Immediate  future  and 
start  to  increase  again  within  a decade  or  so. 


ib.  Based  on  Series  U-150  projections,  the  population  density  is 
forecasted  to  reach  about  1.4  persons  per  acre,  or  over  890  persons 
per  square  mile  bv  2000.  This  represents  ;ui  increase  of  about  0.5 
persons  per  acre,  or  over  350  persons  per  squ.ire  mile.  The  pro- 
•ected  basic  land  use  absorption  is  as  follows; 


I rban / Deve loped 
Res i dent  1 al 
St  reets/Mighwavs 
Commerce/  Indust  ry/ Other  Urh.'in 


(600,400  acres) 
(221 , 700  acres) 
(24  1,700  a.- res) 


1,065,800  acres 


I'ndeve loped  and  Agriculture 


5,597,700  acres 


I'l't.al  Acres 


6,663,500  acres 


'■I'e  total  nroportion  of  urbanized  land  of  the  study  area  is  projected 
'o  Ini rease  by  almost  7 percent,  from  9.2  percent  to  15.9  percent  bv 
file  year  .’UOO . This  amt)unts  to  a net  conversion  increase  of  almost 
450, OOC  acres.  IXiring  this  nerlod,  the  proportion  o*  residential  usage 
to  renacning  developed  land  is  expected  to  increase  from  almost  50  per- 
cent t R(>  percent . 


KCONOMC  ACT  I VI T.- 


J7.  Based  on  California  Framework  Study  assumptions  on  economic  Rrc'wtli 
in  the  area,  it  Is  estimated  that  Industrial  employment  in  the  stu.iy 
area  will  increase  f rt>m  2.362,800  to  5,059,000  by  2020.  Manufactut  f uy 
empLovrient  expected  to  double  by  2020.  '■Tholesale  and  retail  trade 
emplovT'ient  can  be  expected  to  increase  600,000  people  by  2020.  The 
fc)I lowing  manufacturing  groups  require  large  quantities  ot  water  in 
till  It  iperation  and  have  large  waste  loads: 

а.  Oil  Refineries  - Based  on  a predicted  increase  in  per  capita 
consumption  of  refined  petroleum  products  from  the  present  31  barrels 
per  vear  to  about  75  barrels  per  year  in  202f)  and  assuming  an  avail- 
able supply,  the  total  annual  production  ot  refineries  located  In  the 
study  area  will  probably  increase  from  170  million  barrels  per  year 
to  some'  i billion  barrels  per  year  in  2020.  an  annual  growth  rate  of 
about  i 1/2  percent  . 

б.  Paper  and  Allied  Products  - lliis  industrial  group  manufactures 
about  2 000  tons  per  day  of  paper  products.  In  the  next  50  years,  pro- 
duction is  prolected  to  increase  to  about  12,000  tcjns  per  day.  Rmplov- 
ment  in  this  Industry  is  expected  to  more  than  double  by  2020. 

. Canning  - Canning  production  is  expected  to  increase  at  a rate 
of  about  three  percent  annually.  Employment  within  the  food  and  kindred 
products  industf.  is  expected  to  decrease  slightly  by  2020.  There 
wilJ  be  about  39,600  peole  employed  in  this  Industry  by  2020  In  the 
stud-  are.  , 

d.  Cnemicals  - Production  of  chemicals  in  the  study  area  is  expectoi 
to  .'I  ow  ] told  it.  the  period  of  1970-2020.  The  expected  Increase  in 

pet  t )leun  refinln>;  in  the  study  area  would  contribute  to  an  expansion 
o!  pi  t ro-ohemlcal  production.  Employment  in  the  chemical  Industry  Is 
expected  to  double  by  2020. 

e.  Steel  - Within  the  study  aro.a.  Industrial  steel  products  are 
anticipated  to  Increase  In  annual  consumption  from  2.2  million  tons 
to  1!  million  ton.s  and  product  manufacturing  is  expected  to  Increase 

: rom  600 , tOO  tons  to  12  million  tons  per  year.  The  Primary  'totals 
industry  employment  Is  expected  to  increase  by  50  percent. 

t.  Agriculture  - It  is  estimated  that  by  the  year  2020,  the 
amount  of  land  used  for  Irrie.ited  agriculture  In  the  nine  Bav  .Area 
counties  will  be  .'ilt),000  acres,  a reduction  of  some  15  percent  from 
1967.  By  2020,  Irrigated  land  in  the  Delta  (Yolo,  Sacramento  and 
S.jn  .Joaquin  Counties)  Is  expected  to  increase  bv  some  15  to  20  per- 
cent to  1.55  million  acres.  In  the  Central  Valiev  tributary  to  the 
12-iounfy  .trea,  including  Tulare  Lake  Basin,  it  i--  estimated  that 
about  seven  million  acres  will  be  under  irrigation  bv  2020. 
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WASTE  LOADS 


^ 38.  Usin>-  the  established  population  projections,  future  wastewater 

flows  and  constituents  were  estimated.  Municipal  wastewater  flows 
were  proiected  for  dry  weather  flows  onlv  and  Include  those  flows 
>’,enerated  by  sanitarv  svstems  in  residential  dwellings  and  commercial 
establishments.  It  represents  wastewater  flows  generated  In  connection 
with  people  rather  than  products.  Existing  dry  weather  wastewater  flows 
for  each  municipal  discharger  or  service  area  were  obtained  from  data 
ot  the  (Lillfornla  Regional  Water  Quality  Control  Boards  and  from  local 
and  subregional  reports.  Dry  weather  flows  were  selected  since  It  was 
assumed  that  infiltration  would  be  removed  from  collection  systems  by 
local  corrective  action  over  the  study  period.  Based  on  population 
estimates  and  industrial  development  in  the  service  areas,  wastewater 
flows  were  modified  to  exclude  those  flows  which  should  more  properly 
be  included  in  industrial  wastewaters.  The  municipal  flows  were  cor- 
rected to  the  year  1970,  which  was  used  as  a population  projection  base 
vear  tor  the  design  data. 

39.  The  1970  flow  for  each  discharger  was  multiplied  by  a growth  fac- 
tor which  is  the  ratio  of  the  county  population  in  any  desired  year  to 
tie  1970  county  population  to  obtain  flows  in  future  vears . Crowth 
factors  are  shown  in  Table  5 and  the  resultant  initial  municipal 
flows  are  presented,  by  county,  in  Table  6. 

40.  The  wastewater  constituents  developed  were  based  on  data  pre- 
sented in  the  various  subregional  reports  to  the  California  Regional 
W.ater  Quality  Control  Boards.  Data  were  developed  on  a milligram 
pei  liter  (ing/1)  basis  for  each  county  and  flow-weighted  to  obtain 
a )untv  average.  The  initial  municipal  county  constituent  loadings 
assumed  a BOD  of  200  mg/1,  TN  of  27  mg/1,  TP  of  11  mg/1,  GHM  of  3.5 
mg,/ 1 . and  TDS  of  550  mg/1.  These  values  were  assumed  to  be  constant 
over  time  because  they  were  the  best  data  initially  available. 

<1.  Kai  h discrete  industry  with  a known  existing  process  wastewater 
i disi  largi  was  identified  from  the  various  subregional  reports,  Re- 

, gii.nal  A.jter  viualitv  Control  Board  reports,  and  the  U.S.  Army  Corps 

of  .ngineers'  Eorm  4345-1  (Application  for  Permit  to  Discharge  or 
WorK  in  Navigable  Waters  and  their  Tributaries).  For  all  industries, 

' data  were  utilized  to  obtain  a process  flow  Increase  factor.  This 

factor  was  then  applied  to  the  existing  flows  to  obtain  the  1975  and 
I 2Q00  process  'lows.  The  existing  flows  were  obtained  from  the  same 

F sources  as  weie  used  to  identify  tiie  existing  discrete  industries. 

i itnly  those  industries  wtiich  discharge  0.01  MOD  or  greater  effluents 

i were  considered.  Table  7 presents  the  initial  industrial  wastewater 

t I ows . 

RKCIONAI  nij\NNIN(;  (lOAI.S  AND  OB-IECTIVKS 
i lit  rod nc  t i on 

»42 . Regional  planning  goals  are  essential  in  establishing  a planning 
framework  since  such  goals  guide  the  thrust  of  an  entire  planning 
effort.  They  are  ends  toward  wlilch  inil'vldual  policies,  programs 
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TABLE  5 


POPULATION  PROJECTION 

GROWTH 

FACTORS 

COUNTV 

STUDY  YEAR 

1970 

1975 

2000 

2020 

Alameda 

- 

1.053 

1.397 

1.678 

Contra  Costa 

- 

1.093 

1.792 

2.330 

Marin 

- 

1.116 

1.941 

2.670 

Napa 

- 

1.139 

2 . . n 

3.797 

Sacramento 

- 

1.061 

1.584 

1.902 

"•an  Francisco 

- 

1.068 

1.047 

1.117 

'^an  Joaquin 

- 

1.068 

1.724 

2 .069 

San  Mateo 

- 

1.043 

1.258 

1.439 

-■anta  Clara 

- 

1.145 

1.971 

2.723 

Solano 

- 

1.117 

2.352 

4.706 

Sonoma 

- 

1.170 

2.4  39 

3.415 

Yolo 

_ 

1.195 

2.173 

3.261 
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TAHI.F  A 


PROTECTED  MUNICIPAI. 

WASTEWATER 

Fl.OWS  1 / 

( I'l'N'!" 

F1,01v'/YFAR  (MOD) 

1970 

1973 

2000 

2020 

A ' .ineiia 

132 

140 

183 

222 

I'ont  ra  Costa 

65 

109 

141 

M.i  in 

20 

22 

38 

33 

Napa 

H 

9 

20 

30 

Sac  ra"  .‘nt  o 

94 

100 

149 

179 

'an  Francisco 

102 

103 

107 

115 

San  oaquLn 

32 

56 

90 

108 

San  Mateo 

32 

54 

65 

73 

Santa  Clara 

122 

140 

241 

332 

Solano 

21 

24 

31 

102 

So'ioma 

16 

IR 

}Q 

54 

Vol  o 

12 

15 

27 

41 

Total 

690 

746 

1,121 

1,452 

1 / ' n 1 1 1 ;i  I Data. 


TABLE  7 


PROJECTED  INDUSTRIAL  WASTEWATER  FLOWS  1/ 


COUNTY 

FLOW /YEAR 

(MOP) 

1975 

2000 

Alameda 

14.0 

31  .4 

Contra  Costa 

143.2 

294. 3 

Marin 

1.0 

2.  1 

Napa 

0.7 

1 .5 

Sacramento 

0.6 

1 . 3 

San  I ranclsco 

0.04 

O.OQ 

San  Joaquin 

12.6 

27.9 

San  Mateo 

3.9 

Q.4 

Santa  Clara 

2.4 

2 . 6 

Solano 

4.4 

10.3 

Sonoma 

0 

0 

Yolo 

3.2 

2.6 

Total 

186 .04 

383. 

/ Iru  Mai  Data. 
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and  el  forts  mav  !'i‘  ditocted.  Thov  Include  a larf>e  measure  of  idealism, 
lor  Lhev  pres»‘nt  in  a hroad  manner  and  in  words  that  which  the  refjion 
considers  to  he  ultimatelv  deslr.able. 

Ad.  Most  region. 1 1 noals  can  he  defined  bv  sets  of  regional  objectives 
which  serve  as  tlu'  basis  for  tlie  actual  formulation,  design  and  eval- 
uation of  a plan  or  project.  Regional  objectives  differ  from  regional 
goals  in  that  thev  are  more  tangible  and  usually  reflect  a condition 
which  is  immediately  attainable  bv  controlling  real  parameters  such  as 
chemical  and/or  physical  factors,  ecological  associations  and  rec- 
reation in  the  case  o(  environmental  considerations;  public  altitudes 
and  public  healtli  in  the  case  of  social  considerations;  and  costs  and 
benel'its  in  the  case  of  economic  aspects.  By  meeting  rep.ional  objectives, 
the  planning  goals  of  a region  may  be  achieved  whollv  or  in  part. 

Regional  Planning  Goals 

AA . Regional  planning  goals  have  been  established  by  nearly  every 
planning  agencv  in  the  San  Francisco  Bay-Delta  Region.  From  the  plans 
and  policies  of  State,  regional  and  local  planning  agencies,  the  fol- 
lowing regional  planning  goals  have  been  identified  bv  the  Corps  of 
Engineers  for  this  study  of  wastewater  management  in  the  San  Francisco 
Bay  and  Sacramento-San  Joaquin  Delta  Region; 

a.  Protect  and  enhance  the  major  physical  features  and  environ- 
mental qualities  of  the  area. 

b.  Provide  the  opportunity  for  all  persons  in  the  area  to  obtain 
adequate  shelter  convenient  to  other  activities  and  facilities,  in 
neighborhoods  that  are  satisfying  to  them. 

c.  Provide  ample  Land  and  facilities,  and  develop  a strong,  diver- 
sified economic  base,  for  the  economic  distribution  and  growth  of  the 
area  in  order  to  allow  opportunities  for  all  citizens  and  communities 

to  improve  their  economic  well-being. 

d.  Create  a sense  of  regional  Identity,  responslbil itv,  and  coop- 
eration among,  citizens,  organizations,  and  governments  in  the  area. 

e.  Promote  the  distinct!  /e  character  and  identity  of  the  area  and 
of  Its  parts. 

Provide  all  residents  w*  th  opportunities  tor  a wide  range  of 
Cultural,  social,  educational,  ualth  and  commercial  activities  and 
far  1 1 1 1 ! es  . 

Regional  Planning  Objectives 

A5 . Using  the  Identified  regional  planning  goals,  objectives  Iiave  been 
formulated  lor  the  San  Francisco  Bav-Delta  Region.  Certain  ot  these 
objectives  are  Included  In  published  reports  of  other  agencies.  Others 
have  bec-n  developed  by  the  Corps. 


29 


.1.  Maintain  and  enhanci'  Li>  thf  hiyliest  possible  levels  i hf 
ijualitv  of  all  waters  in  the  repion. 

h.  Protect  all  waters  In  t lit-  repion  from  adverse  water  quality 
t actors . 


c.  f’rotecl  and  enhance  aquatic  ll*e  and  associated  wildlife  In 
streams,  rivers,  estu.iries,  oceans,  freshwater  marshes,  salt  water 
marshes,  lakes,  ponds  and  riparian  vegetation. 


d.  Preservi*  and  enliance  overall  diversity  of  life  and  carrying 
capacities  in  terrestrial  associations,  such  as  forests  and  grasslands 
and  their  assocl.ited  wildli  - , >-/i  th  special  emphasis  upon  rare  and 
endangered  animals  and  plan’s. 


e.  Minimize  dist'irbance  of  the  region's  natural  processes  and 
li*e  cycles. 


f.  Protect  and  enhance  the  distinctive  character,  identity,  and 
conmunitv  values  of  affected  areas. 


g.  Maintain  air  quality  at  levels  necessary  to  protect  public 
heal th  . 

h.  Maintain  air  quality  at  levels  necessarv  to  prevent  damage 
to  plant  life,  animal  life  and  aesthetics. 

i.  Prevent  degr.idat  ion  of  air  quality  where  It  is  presently  of 
.1  higher  quality  th.an  required  by  Federal-State  standards. 

1.  Heduce  to  acceptance  levels  those  noises  which  have  a dele- 
terious effei  t on  the  life  cycles  of  wildlife  and  humans  or  have  a 
negative  effect  on  aesthetics  ot  the  environment. 

k.  Protect  and  enliance  public  health  through  the  reduction  of 
disease  transmission  an  niii.sance  factors  (water  pollutants,  disease 
vectors,  toxic  elements,  plant  and  animal  pests  and  noise). 

l.  Protect  valuable  natural  and  manmade  amenities,  and  Increase 
aesthetic  heautv  of  water  bodies,  land  areas,  and  the  landwater  inter- 
face , 


m.  '’remote  creation  of  visual Iv  and  aesthetically  pleasing  facll 
Itles  as  an  Integr.ited  physical  element  within  constituent  areas. 

n.  Rnhance  oppor tun  1 1 le-  and  Increase  range  of  aquatic  and 
rrestrial  recreation  activities  for  eniovmenr  of  both  local  and 

'Isltor  populations. 

o.  Provide  increased  capability  and  convenience  of  access  to 
recreation  and  amenity  facilities. 


3f. 


1> . Protect  and  enh.ance  contemporary  cultural  values,  'listorical 
sites  and  archaeological  sites. 

q.  Promote  an  optimum  utilization  of  land,  water,  energy,  air, 
chemical  and  human  resources,  with  specific  emphasis  upon  both  short- 
term use  and  long-term  productivity. 

r.  Maximize  reclamation  and  reuse  of  municipal.  Industrial  and 
agricultural  wastewaters  and  residual  solids. 

s.  Help  maintain,  or  help  the  orderly  transition  of  the  agrl- 
cultur.al  environment,  where  deemed  appropriate. 

t.  Minimize  hardships  and  disruptions.  Insofar  as  possible,  to 
affected  residents,  business,  agriculture,  services,  access  linkages 
and  community  cohesion,  caused  bv  relocation,  displacement,  dispersion 
or  barriers. 

u.  Prevent  and  deter,  to  the  extent  possible,  disruption  to  the 
local  economy,  jobs,  stability,  life  style  and  deyelopment  pattern 

of  a^'fected  areas. 

V.  Enhance  and  preserve  Insofar  as  possible,  employment  oppor- 
tunities in  terms  of  Job  availability,  diversity,  stability  and 
mobl 1 1 ty  . 

w.  Enhance  opportunities  for  human  betterment  through  greater 
and  more  equitable  distribution  of  wages,  goods  and  public  and  pri- 
vate services. 

X.  Through  well-balanced  local  participation  and  Involvement 
programs  and  efforts,  help  create  a legitimate  sense  of  participation, 
identity,  responsibility  and  cooperation  among  citizens,  organizations 
leaders  and  governments. 
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NEEDS  AND  PROBLEMS 


INTRODUCTION 

46.  This  section  deal'  with  the  present  and  prelected  demands  for 
water  and  the  sources  of  water  supply  to  meet  these  demands  through 
the  year  2020.  The  set t ion  also  discusses  surface  and  groundwater 
qualitv  conditions,  highlights  anticipated  water  quality  problems  and 
presents  water  quality  guidelines  used  by  the  Corps  In  the  develop- 
ment of  wastewater  management  alternatives. 

WATER  REQUIREMENTS 

Agr  i 'ul  ture 

47.  Agricultural  water  requirements  are  based  on  projected  irriga- 
tion needs  for  each  countv.  Projections  assume  that  water  use  per 
irrigated  acre  will  not  cfiange  over  time  from  that  information  shown 
in  tie  latest  census  o*"  agriculture  for  each  county.  Future  irrigated 
acreage  requirements  'or  each  county  have  been  developed  bv  the  various 
counties  and  the  District  offices  of  the  California  State  Department 

of  Water  Resources.  Agricultural  water  requirements  for  1970,  1975, 

2000  and  2020  are  presented  in  Table  8. 

Municipal  and  Industrial 

48.  Industrial  water  requirements  are  derived  from  data  generated  in 
a study  by  Lawrence  Berkeley  Laboratory  made  for  the  U.S.  Corps  of 
Engineers.  Industrial  water  requirements  are  projected  to  year  2020. 
Cooling  water  is  included  in  the  Industrial  water  projections.  Most 
industrial  cooling,  water  used  in  the  study  area  is  brackish  water. 

Since  the  county  water  supplies  projected  by  the  Department  of  Water 
Resources  are  for  fresh  water  supplies,  it  was  necessary  to  remove 
cooling  water  figures  in  order  to  make  the  county  industrial  water 
use  data  comparable  to  Department  of  Water  Resources  projections  of 
water  supply.  Industrial  water  requirements  were  adjusted  for  Alameda, 
Contra  Costa,  San  Francisco,  San  Mateo  and  Santa  Clara  Counties. 

49.  Miinicipal  water  requirements  are  based  on  per  capita  use  data 
from  the  Department  of  Water  Resources.  An  Increase  in  per  capita 
use  was  projected-  a five  percent  increase  between  1970  and  1975,  a 
10  penent  Increase  between  1970  and  2000  and  10  percent  between  1970 
and  2020.  Per  capita  use  data  include  industrial  water  uses,  therefore, 
the  industrial  water  requirements  were  removed  to  determine  projected 
municipal  water  use  before  municipal  and  Industrial  water  requirements 
were  projected.  County  projections  are  presented  In  Table  9. 

Recreat ion 

50.  Outdoor  recreation  is  Inseparably  tied  to  the  land  and  ita 
waters.  The  California  iiutdoor  Recreation  Plan  (1960)  Indicates 
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ACRICI'LTI'RAL 

, WATER 

RKnUTREMENTS 

( 1 , nno 

of  Acre 

-Feet) 

1970 

1975 

2000 

2020 

\ 1 ame  d a 

16.6 

28  9 

17.4 

17.1 

Contra  Costa 

124.4 

124.4 

148.5 

150.7 

Marin 

2.6 

2.6 

1.6 

.8 

Napa 

16.4 

19.0 

50.8 

58.8 

San  Francisco 

- 

- 

- 

- 

San  Mateo 

13.8 

14.5 

15.7 

11.9 

Santa  Clara 

133.0 

120.5 

70.7 

43.7 

Solano 

382.5 

400.9 

440  .0 

437.0 

Sonoma 

49.6 

52.6 

70.9 

86.3 

Sacramento 

461.8 

474 .4 

500.0 

514.0 

San  Joaquin 

1,402 

1,436 

1,508 

1,503 

Yolo 

832 

848 

920 

956 

TOTAL 

3,455 

3,522 

3,744 

3,779 

\U 


TABLE  9 
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MUNICIPAL  AND  INDUSTRIAL  WATER  REQUIREMENTS 
(1,000  of  Acre- Feet) 


19  70 

1975 

2000 

Alameda 

Munic 1 pa  1 

194.0 

214.5 

298.3 

Industrial 

12.8 

12.7 

15.8 

Contra  Costa 

''kinicipal 

96.3 

110.5 

189.8 

I ndust  rial 

72.6 

132.9 

140.8 

Marin 

Munlcipa 1 

38.5 

44.9 

81.8 

Industr ia 1 

1.5 

1 .6 

4.3 

Napa 

' Municipal 

9.8 

11.7 

27.3 

• Industrial 

7.9 

19.4 

30.8 

San  Francisco 

Municipal 

136.4 

140.1 

160.6 

I ndust  r ial 

2.2 

2.  1 

2.9 

San  Mateo 

Municipal 

87.7 

96.0 

121.4 

Industrial 

6.6 

7.3 

12.2 

Santa  Clara 

Munic ipal 

198.1 

238.3 

429.7 

Industrial 

8.9 

9.9 

13.9 

Solano 

Mimic  i pa  1 

24.6 

28.9 

63.7 

I ndust  rial 

9.2 

9.6 

9.8 

Sonoma 

Munic ipal 

32.6 

40.  1 

87.5 

Industrial 

5.  ! 

f* . 4 

9.3 

Sac  ramento 

'Municipal 

187.  > 

208.9 

326.7 

1 ndust  ria 1 

17.5 

Ih.  8 

23.9 

S in  loaquin 

Munic i pal 

51.9 

60.5 

102.2 

Indust  r lal 

23.1 

24.5 

27.6 

Yolo 

Mun i c i pal 

13.5 

16.9 

32.3 

f ndust  rial 

II. 5 

12.1 

35 

11.5 

2020 


358.0 

23.2 


246.7 

190.4 


112.5 

11.3 


40.9 

54.5 


174.9 

4.3 


138.8 

18.6 


59  3.3 

19.3 


127.3 

13.0 


122.4 

13.1 


392.0 

38.0 


122.7 

42.5 


48.4 

14.9 


that  60  percent  of  all  outdoor  recreation  Involves  water-associated 
activities.  Table  10  gives  the  present  and  projected  water  require- 
ments for  fish,  wildlife  and  recreation  in  each  of  ttie  counties  in 
the  12-county  study  area.  The  requirements  shown  in  Table  10  are 
for  water  used  in  fish  and  wildlife  management  areas  and  retuges. 

Fish  and  Wildlife 

51.  The  water  requirements  for  fisli  and  wildlife  areas  make  up  the 
greatest  percentage  of  the  demands  indicated  in  Table  10.  The  con- 
sumptive use  of  water  by  recreationists  at  outdoor  camping  and  picnic 
tacllities  is  minute.  However,  the  domestic  water  needs  of  the  hundreds 
of  thousands  of  annual  visitors  to  the  Bay  Area  is  substantial  and  has 
been  Included  as  part  of  the  municipal  water  requirement. 

52.  In  addition  to  the  water  demands  shown  in  Table  10  for  fish  and 
wildlife  management  areas,  various  governmental,  public  and  private 
water  and  utility  agencies  have  entered  into  agreements  with  the 
California  Department  of  Fish  and  Game  to  insure  adequate  streamflows 
and  reservoir  water  levels  to  protect  and  improve  fishery,  wildlife 
and  recreational  values.  The  annual  water  requirements  for  streamflow 
maintenance  agreements  range  from  3,000  acre-feet  per  year  to  about 
240,000  acre-feet  per  year.  Tliis  latter  agreement  relates  to  releases 
from  Folsom  Reservoir  in  Sacramento  County  for  fishery  management. 

53.  Fish  and  wildlife  resources  in  the  San  Francisco  Bay-Delta  Region 
are  suffering  from  the  results  of  urbanization  and  industrialization. 
Land  reclamation,  water  development  projects  and  water  pollution  have 
impaired  ecological  associations  causing  loss  and  deterioration  of  fish 
and  wildlife  habitat.  Degradation  of  the  natural  environment,  including 
its  dependent  fish  and  wildlife  resources,  has  aroused  deep  and  sincere 
public  concern.  Local,  regional.  State  and  Federal  agencies  have  re- 
sponded by  implementing  new  standards  for  environmental  protection, 
including  tliose  for  wastewater  discharge.  Many  program.s  and  proposed 
standards  outlining  Improvements  in  wastewater  treatment  have  been 
promoted  and  in  some  cases  implemented.  Coupled  wltli  the  deimind  for 
higher  quality  wastewater  discharges  there  is  a growing  concern  for  the 
conversion,  reclamation  and  reuse  of  ail  natural  resources.  In- 

ci easing  demands  by  growing  communities  for  higher  quality  urban 
water  supplies  will  continue  to  deplete  existing  surface  and  sub- 
surface water  sources  which  now  supply  fish  and  wildlife,  aesthetic, 
and  other  needs.  Unless  treated  wastewaters  are  eventually  returned 
to  the  hydrologic  system,  extensive  local  and  regional  areas  will  be 
adversely  affected  by  increasing  and  conflicting  water  demands  and 
waiir  shortages. 

AVAIIJIBLK  WATER  SUPPLY 

54.  !n  general,  most  counties  have  or  will  have  water  projects 
under  construction  to  satisfy  water  needs  for  the  next  20  years. 

Table  11  presents  information  on  "dependable"  water  supplies  to 
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TABLE  10 


FISH,  WILDLIFE  AND  RECREATION  WATER  REQUIREMENTS- 


(1,000 

Acre-Feet 

per  year) 

1970 

1975 

1990-1995 

2000 

2020 

Alameda 

0 

0 

0 

0 

0 

Contra  Costa 

37.0 

37  .0 

37  .0 

38.0 

38.0 

Marin 

1.0 

1.0 

2.0 

2.0 

2.0 

Napa 

0 

0 

0 

0 

0 

San  Francisco 

0 

0 

0 

0 

0 

San  Mateo 

1.1 

1.3 

1.0 

2.0 

3.0 

Santa  Clara 

0 

0 

0 

0 

0 

Solano 

A6.3 

A8.6 

56.0 

61.8 

65.0 

. onoma 

1.0 

1.0 

1.0 

1.3 

2.0 

Sacramento 

65.7 

66.7 

70.0 

70.3 

71.0 

San  Joaquin 

67.1 

69.0 

75.0 

75.7 

76.0 

Yolo 

2.0 

2.0 

2.0 

2.0 

2.0 

TOTAL 

221.2 

226.6 

24A.0 

253.1 

259.0 

Soiirre;  Documentation  of  Bulletin  160-70,  California  Department  of  Water 
Resources,  August  27,  1971. 

1^/  Requirements  are  for  limited  outdoor  camping  and  picnicking  only. 

Most  consumptive  use  for  recreation  Is  Included  with  municipal 
requi rements . 
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the  year  2020  by  county.  Dependable  supplie.s  are  definetl  .is  firm 
v>mmi  iments  by  water  suppliers  for  their  planning  purpottes.  However, 
based  only  on  the.se  dependable  supplies  there  still  may  be  future 
short.ages  and  certain  counties  mav  have  to  look  to  the  use  of  reclaimed 
wastewaters  as  an  adjunct  to  multiple  purpose  reservoir  pn.jecr  -es- 
ently  in  tlie  planning  piiase.  Dependable  water  supplie.s  and  potential 
sources  of  additional  water  in  the  study  area  to  the  year  2020  are 
discussed  in  the  following  sections.  Assumptions  rcg.irding  the  depend- 
.ible  water  supplies  are  shown  on  Table  12. 

Dependable  Water  Supplies 

55.  The  Federal  Central  Valley  I’roiect  will  provide  water  to  some  of 
tile  counties  in  the  study  area.  It  is  anticipated  that  55,000  acre- 
leet  per  year  in  1990  and  167,000  acre-feet  per  year  in  2020  will  be 
available  ; rom  the  San  Felipe  Division  of  this  project  for  Santa  Clara 
County.  Contra  Costa  County  will  h.jve  268,000  acre-feet  by  2020  from 
the  Central  Valley  Projects'  Contra  Costa  Canal  and  Folsom  North  Canal, 
rhe  Folsom  South  Canal  Unit  will  provide  Alameda  County  with  22,000 

;>i  re-feet  by  1990.  Water  supplies  for  San  Joaquin  County  are  pro- 
jected to  increase  from  53,000  acre-feet  per  year  from  Delta  Mendota 
Canal  to  317,000  acre-feet  in  2020  as  a result  of  additional  supplies 
m.ide  available  by  the  Folsom  South  Canal.  Sacramento  County  will  have 
.90,000  acre-feet  by  2020  from  the  Auburn  and  Folsom  Reservoirs  of  the 
Central  Valley  Project. 

56.  In  San  Joaquin  County,  the  water  use  from  the  Corps  of  Engineers' 

Nev.'  Hogan  Reservoir  is  projected  to  increase  from  20,000  acre-feet  per 
year  to  42,000  acre-feet  by  1990  and  then  decline  to  28,000  acre-feet 
by  2020.  Warm  Springs  Reservoir  is  under  construction  by  the  Corps  of 
Engineers  and  will  supply  Sonoma  County  67,000  acre-feet  by  1990. 

Sonoma  County  also  will  obtain  42,000  acre-feet  per  year  from  Lake 
Mendocino  Reservoir.  Marin  County  could  be  supplied  with  47,000  acre- 
feet  by  1990  from  Warm  Springs  Reservoir. 

57.  The  Bureau  of  Reclamation's  project  for  Solano  County  will  supply 
179,000  acre-feet  per  year  by  2020. 

58.  The  California  State  Water  Project  is  currently  nearing  completion 
by  the  Department  of  Water  Resources.  The  North  Ray  Aqueduct  of  Ctie 
State  Water  Project  will  provide  Solano  County  with  42,000  acre-feet 
per  year  and  Napa  County  will  receive  25,000  acre-feet  per  year.  Water 
via  the  South  Bav  Aqueduct  of  the  Project  will  provide  Santa  Clara  County 
with  100,000  .acre-feet  by  2020  and  Alamt^da  County  with  88,000  acre-feet 
by  2020. 
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59.  FoJlowiiijj  Is  a hriiM  discussion  of  loc.il  sourcfs  of  waLt-r  for 
till-  sLudv  area.  The  principal  source  of  water  supple  for  Alameda 
County  is  the  Hast  Bav  Municipal  Utility  District's  Moke  1 umiie  River 
imports  which  will  be  230,000  acre-feet  by  2020.  Tor  Contra  Costa 
Ci'unty.  Hast  Bay  Municipal  Utility  District's  imports  from  the  MoI.elumne 
River  will  be  179,000  acre-feet  hv  2020.  San  .loaquin  County  receives 
its  local  surface  water  supfilies  largeiv  from  Delta  Channelc.,  and  aJ.so 
I rom  the  Mokelumne  and  Calaveras  Rivers. 

bO . in  S.m  Francisco,  the  principal  source  of  w.itei  supply  is  the 
S.in  Francisco  Water  Department's  Hetch-lletchy  Aqueduct  imports  from 
the  Tuolumne  River,  Alameda  Creek,  and  San  .iateo  County  Reservoirs. 

Santa  Clar..  County  plans  to  purchase  152,000  acre-feet  by  2020  from 
the  San  F’ancisco  Water  Department  supply.  The  principal  source  of 
water  supply  for  San  Mateo  C.-iunty  is  also  the  San  Francisco  Water 
Department's  lietch  Hetchy  Aqueduct  which  is  projected  to  increase  to 

135.000  acre-ieet  by  2020. 

61.  Local  surplus  water  supplies  diverted  from  the  Sacramento  and 
American  Rivers  under  water-rights  agreements  with  the  Bureau  of 
Rei.lamation  will  supply  Sacramento  County  with  upwards  of  380,000 
acre-feet  by  2020.  The  city  of  Vallejo  in  Solano  County  also  Imports 

22.000  acre-feet  from  the  Sacramento  River  Basin. 

62.  Yolo  County  receives  part  of  its  water  supply  from  Clear  Lake 
and  Cache  Creek,  102,000  acre-feet  per  year.  From  the  Sacramento 
River,  Yolo  County  will  receive  an  additional  ii02,000  acre-feet  by 
2020.  ''he  Tehama-Colusa  Canal,  now  under  constiuct  ion , will  deliver 
to  the  Dunnigan  Water  District  19,000  acre-feet  per  year.  The  Indian 
Valley  Reservoir,  recently  authorized  for  construction  by  the  Yolo 
County  Flood  Control  and  Water  Conservation  District  will  supply  60,000 
acre-feet  per  year. 

Potential  Sources 

63.  In  the  event  of  .shortages  in  Contia  Costa  County  the  logical 
sources  of  supply  would  be  the  proposed  Kellogg  Division  ot  the 
Central  Valley  Project  for  the  eastern  part  oi  the  county  .ind  a 
transfer  of  water  from  Alameda  County  via  East  Bt.y  Municipal  Util- 
ity District  facilities  lor  the  western  part  of  the  county. 

64.  .Marin  Co(inty  .oay  be  short  36,000  acre-feet  by  2020.  The  pro- 
posed Sonoma-Marln  Conduit  could  convey  water  diverted  from  the  Russian 
River  to  eastern  Marin  County. 

65.  The  proposed  Knights  Valiev  Aqueduct  could  convey  water  diverted 

■rom  the  authorized  inactive)  Knights  Valiev  Reservoir  ip  Lower 

Ru.'islan  Rive-  basin  to  existing.  Lake  Hennessey  in  N’apa.  Napa  Valley 
would  be  abl<?  ti'  get  2), 000  .icre-feet  per  year.  The  proposed  Spring, 


Valley  Pump  Storage  Project  to  develop  water  from  the  Napa  River  Is 
an  alternate  way  to  meet  water  shortages  in  Napa  Countv.  In  San 
loaquin  t’e  most  likely  additional  source  to  meet  water  shortages 
would  he  the  New  Melones  Reservoir. 

h6 . Pote:  sources  to  meet  anticipated  shortages  in  San  Mateo 

Countv  are  possible  State  Water  Project  Imports,  Bean  Hollow  Res- 
ervoir and  wastewater  reclamation.  Wastewater  reclamation  i.o  also 
being  considered  bv  Santa  Clara  County  to  meet  its  projected  short- 
.iges . It  alreadv  plans  on  using  3,000  acre-feet  of  reclaimed  waste- 
water  by  1910.  This  amount  can  be  increased  considerably  by  the  use 
of  reclaiim-d  sev.u’e  to  Irrigate  parks  and  recreation  facilities, 
industrial  proci'ss  water,  and  groundwater  recharge. 

b7 . A likely  source  of  supply  to  meet  shortages  in  Solano  County 
would  be  increased  imports  of  water  from  the  Sacramento  Basin-  Also 
shortages  could  he  met  by  the  proposed  West  Sacramento  Canal  Unit  ot 
the  Central  Valiev  Project.  The  most  likely  sources  to  meet  demands 
in  Sonoma  Countv  are  enlargement  of  Lake  Mendocino  and  additional  Im- 
ports • rom  South  Fork  Kel  River  subsequent  to  the  completion  of  Warm 
Springs  Reservoir.  Shortages  in  Yolo  County  may  be  met  by  enlarge- 
laent  of  the  proposed  West  Sacramento  Canal  Division  of  the  Central 
Valiev  Project. 

ASSOCIATED  PROBLEMS 

Suriace  Water  Duality  Degradation 

bS.  The  water  quality  of  the  Bay-Delta  Estuary,  as  defined  in  tradi- 
tional pollution  terms,  has  Improved  on  the  whole  over  1950  conditions. 
Biochemical  oxygen  demand,  the  amount  of  oxygen  required  for  bacterial 
decomposition  of  organic  wastes  over  a specified  period  of  time,  gen- 
erally has  decreased.  Dissolved  oxygen  concentrations  have  increased 
to  the  point  where  most  aquatic  organisms  iiave  sufficient  amounts  to 
survive  in  most  p.nrts  of  the  Bay-Delta  Estuary.  Collform  counts  have 
been  reduced  significantly  by  chlorination  of  waste  effluents.  However 
uissolved  oxvgen  depletions  still  occur  in  the  .South  Bay,  south  of 
Dumbarton  Bridge,  and  in  the  San  .Joaquin  River  downstream  of  Stockton. 
Kei-ent  studies  indicate  that  the  biocliemical  oxygen  demand  assimilative 
capacitv  of  the  Sacramento  River  below  the  city  of  Sacramento  is  rapldl 
being  approached.  Studies  from  the  State  San  Francisco  Bay-Delta  Water 
■'ualitv  Control  Program  reveal  that  biostimulatory  materials  (mostly 
niLro>’,en  and  phophorus  wliich  are  necessary  for  algae  growth)  and  tox- 
i(  i tv  may  be  more  .ipplicable  indicators  of  pollution  and  eutrophica- 
tion than  biochemical  oxvgen  demand  .and  dl.ssolved  oxvgen  concentrations 

b Studies  indicate  that  the  discharge  of  municipal  and  industrial 
wastewaters  have  .i  toxic  effect  on  benthic  organisms,  causing  de- 
crease in  species  diversity  which  is  a common  criterion  for  measuring 
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the  dopree  of  pollution  of  a bodv  of  water.  More  sign i f i cant  1 v . th'-se 
benthic  orpanism.s  are  important  as  a vital  link  in  the  food  chain  of 
hiplier  aquatic  organisms  such  as  fish.  Toxicitv  has  also  been  docu- 
menteii  as  a cause  of  several  recent  fish  kills  in  the  Rav-I>elta  E.siuarv. 
Moreover,  the  effects  of  toxicitv  in  non-lethal  concent  rat  ion.-^ , while 
not  killing  fish  outright.  Impair  fish  so  that  they  die  from  other 
causes  or  cannot  continue  normal  activities  such  as  feeding,  migration 
and  reproduction. 

70.  State  Bay-Delta  Program  studies  also  Indicate  that  municipal  and 
industrial  waste  discharges  contribute  significantly  to  the  reservoir 
of  biostimulatory  nutrients  in  the  Bav-Delta  Estuary.  These  discharges 
have  been  cited  as  a possible  cause  for  annual  summer  algal  blooms  in 
the  Delta  and  lower  reaches  of  the  Sacramento  and  San  Joaquin  Rivers. 
Discharge  of  agricultural  drainage  water  from  the  San  Joaquin  Valley 
into  the  estuary  via  agricultural  drains,  programmed  to  be  completed 

in  the  late  1970's  and  1980's,  would  also  contribute  to  Increased 
levels  of  nutrients  in  the  estuary.  Studies  also  indicate  that  algal 
growth  in  the  Bay  is  not  now  limited  by  nutrient  levels  but  by  some 
unknown  factors,  possibly  turbidity.  Algal  blooms  have  the  following 
effects  on  water  quality:  Impair  the  aesthetics  of  the  water  and  are 
an  indicator  of  eutrophication  or  aging  of  the  estuarv-  reduce  the 
beneficial  uses  of  water*,  and  while  producing  excess  oxygen  during  the 
dav,  algae  can  depress  oxygen  levels  during  the  night  to  anaerobic 
conditions,  thereby  seriously  impairing  the  aquatic  environment's 
ability  to  sustain  Itself. 

71.  It  has  been  estimated  that  10,000  to  20,000  pounds  of  pesticides 
in  the  form  of  non-degradab le  chlorinated  hydrocarbons  entered  surface 
waters  of  the  Bay-Delta  system  in  1965.  Concentrations  in  parts  of 
the  estuary  exceed  the  maximum  concentration  (50  parts  per  trillion) 
recommended  by  the  National  Technical  Advisory  Committee  on  Water  Dua- 
lity Criteria.  While  this  concentration  seems  very  low.  It  must  be 
noted  thaf  concentrations  have  been  found  in  tissues  of  aquatic  life 
up  to  20,000  times  that  of  their  environment  and  in  excess  of  the 
considered  safe  level  for  human  consumption. 

Groundwater  Problems 

72.  The  extensive  groundwater  basins  of  California  provide  natural 
regularifui  for  runoff  from  tributary  drainage  areas  and  for  precipi- 
tation directly  on  overlying  lands.  About  one-half  of  the  water  pre- 
sent ’v  used  on  irrigated  lands  and  for  domestic,  municipal  and  industrial 
purposes  in  the  State  Is  regulated  in  groundwater  basins.  Additional 
natural  regulation  c-ould  be  provided  if  the  presently  unused  ground- 
water  storage  capacity  were  utilized  to  the  full  extent  of  the  possible 
'■afe  yield  of  the  underground  basins.  Furthermore,  is  additional  sur- 
plus water  supplies  are  developed  and  made  available  for  storage  in 
groundwater  basins,  the  safe  yield  of  the  underground  reservoirs  can 

he  Increased. 
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/ i.  The  estimated  mi-. in  seasonal  requirements  for  wat  ' in  ' iliforii  i, 
in  1467,  were  approxi rntil el y 28,600,000  acre-teet,  ot  a',  ■ m about 
11,500,000  acre-feet  were  supplied  from  unde rp.round  S('ii.rf  A . ]p 
about  580,000  acre-feet  were  withiirawn  iron  tlie  San  !oa  uin  'aiicv 
and  one  million  acre-feet  iit'm  the  Sac;-an«'nto  Valiev. 

74.  The  draft  on  groundwater  in  the  San  Francisco  Bav  Area  amounts 

t ' <)bout  300,000  acre-ieet  seasonal Iv.  The  net  extraction  of  ground- 
water  in  the  area  surrounding  San  Francisco  Bay  exceeds  the  safe  vield 
iH  the  underground  basins  by  a l.iree  amount  . Sea-water  intrusion 
exists,  or  is  threatening,  in  manv  of  the  loastal  basins.  Facilities 
I artificial  rech.argc  of  underground  storage  are  presently  being 
o ler.ited  in  Santa  Clara  and  Alameda  Counties. 

75.  A large  part  of  the  domestic,  industrial,  and  irrigation  devel- 

0 inent  of  the  Central  Coastal  Area  is  dependent  upon  development  of 
groundwater  storage,  due  to  the  generally  small  runoff  available  In 
the  streams  of  the  area.  Draft  on  several  of  the  major  groundwater 
basins  of  the  area  has  been  so  great  that  serious  problems  have  arisen 
w th  respect  to  their  adequacy,  not  onlv  for  future  development,  but 
also  for  maintaining  the  existing  economv.  Water  levels  in  many  of 
the  coastal  basins  have  tallen  below  sea  level  and  progressive  low- 
ering is  occurring  in  the  San  Ynez,  Santa  Maria,  San  Benito,  and 
South  Santa  Clara  Valley  Basins.  The  1967  gro.ss  pumpage  In  the 
Central  Coastal  Area  approximated  750,000  acre-feet,  of  which  about 

60  percent  occurs  in  the  Salinas  Valley. 

76.  Utilization  of  groundwater  for  irrigation  in  the  Central  Valley 
did  not  become  significant  until  after  1900.  However,  the  more  or 
less  complete  diversion  of  available  surface  water  supplies  during 
the  irrigation  season  in  the  south  San  Joaquin  Valiev  prior  to  1910, 
gave  impetus  to  the  developmc'nt  of  supplemental  supplies  from  ground- 
water  storage.  The  1967  pumpage  of  groundwater  in  the  Sacramento 
Valley  has  been  estimated  to  be  about  1.0  million  acre-feet,  and  in 
the  San  Joesquin  Valley  to  be  about  580,000  acre-feet  per  season. 
Quality  problems  have  been  evidenced  in  some  valley  basins.  High 
groundwater  tables  existing  over  large  areas  of  the  Sacramento  Val- 
ley present  a problem  of  drainage  for  the  Improvement  of  agriculture. 

Other  Water  Quality  Problems 

77.  Naval  and  merchant  ships  still  discharge  raw  sewage  into  Bav- 
Delta  waters.  This  poses  a pollution  problem  in  the  receiving  waters 
in  the  vicinity  of  Alameda  Naval  Air  Station  when  aircraft 
carriers  are  in  port.  Discharge  of  raw  sewage  from  house  boats 
causes  limited  pollution,  partlcularlv  In  Richardson  Bav.  Waste- 
water I rom  the  three  largest  d i scharcers  to  the  estuary,  the  cities 

01  Sacramento  and  San  Francisco  (North  Point  and  Southerist  Treat- 
ment Plants)  and  the  Fast  Bav  Municipal  Utility  District  (serving 
the  cities  of  Oakland,  Berkeley,  Fmervvllle,  etc.)  presently  receives 
onlv  primary  treatment  with  chlorination.  As  prevlouslv  mentioned. 
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the  cities  of  Sacramento  and  San  Francisco  have  comhintd  s.initarv  and 
storm  sewage  systems  wliich  necessitate  dischar^o  of  ■'av  wa-  tevater  to 
the  receivinc;  waters  during  rainv  periods.  The  Navv  and  involved 
local  av’.en  les  are  making  considerable  progress  in  solving  t‘>ese 
I'rohlems.  The  N'at'v  is  providing  Its  ships  with  storage  tanks  and 
is  constructing  shoreside  waste  disposal  facilities.  Hast  Rav  Munic- 
ipal Utility  District  is  upgtading  its  treatment  facilities  and  the 
cities  of  .San  Franci;co  .md  Sai  ramento  are  evaluating  v.ar'ous  solu- 
tions to  their  combined  sewa.'e  problem. 

RFC!  ON, M.  WATER  OUAU  TY  GOAI.S  AND  CU  f DFl.  t NFS 

78.  The  State  of  Californl.i  (las  established  water  qualitv  ohlectives 
based  on  beneficial  uses  o'"  w.ater  and  has  initiated  the  planning, 
implementation  .ind  enforcement  actions  necessary  to  maintain  these 
i>b)ectives.  To  satisfy  the  requirements  of  the  State's  Porter- 

iologne  .Act,  as  well  as  Feder.il  planning  requirements,  the  State 
developed  in  1971  interim  basin  plans  to  serve  as  water  ouality 
planning  ind  enforcement  guidelines  pending  the  adoption  of  com- 
nreiiensive  water  qualitv  control  plans  wliich  currentlv  are  under 
'reparation.  The  water  qualitv  ob-jectives  and  waste  discharge  pro- 
hibitions iron  tliose  .State  interim  hnsiin  plans  which  interface  with 
the  San  '-'rancisco  Bay  - Delta  Region  are  presented  in  .Attachment  R 
to  Appendix  A. 

79.  The  Corps'  w.istewater  management  study  was  directed  toward 
the  needs  anticipated  in  the  year  1975-2000  timeframe.  '<ince 
the  State's  comprehensive  water  quality  control  plan.s  were  still 
to  be  completed,  planning  criteria  for  this  period  regarding  water 
qualitv  objectives,  waste  discharge  prohibitions  and  allowable  dis- 
charge levels  o'"  critical  pollutants  were  not  available.  The  mag- 
nitude o'"  the  wastewater  treatment  and  residual  solids  disposal 
problems,  the  public's  increasing  demand  for  high  water  quality 
standards  consistent  with  environmental  objectives,  anil  the  growing 
concern  of  all  levels  ol  government  for  improved  wastew.it  er  manage- 
ment lead  to  the  conclusion  that  planning  criteria  will  lie  much 
more  stringent  .is  time  progresses.  Such  a trend  was  evidenced  in 
late  'Rtp  when  the  water  qualitv  objectives  and  waste  disch.irge 
prohibitions  ‘‘or  the  Ran  Francisco  Bav  Basin  were  amended  as  ten- 
tative preliminary  Input  to  the  comprehensive  water  qualitv  control 
plans.  This  more  stringent  thinking  is  presented  in  Attachment  C 
to  Appenrllx  A.  Tiiesc  water  quality  objectives  and  waste  discharge 
prohibitions  establish  a Icrwer  bound  of  water  qu.illty  go.tls  uid 
guidelines  foi  the  Corps'  planning  efforts  in  wastewater  man  igenert . 

80.  Realizing  that  future  water  quality  objectives  and  water  dis- 
charge prohibitions  could  not  be  predicted  at  this  time,  the  Corps' 
effort  was  directed  rather  toward  defining  broad  treatment  technologies 
which  could  he  expected  to  be  compatible  with  future  stringent  waste- 
water  mangement  discharge  conditions.  Three  such  broad  teclinologlcal 


approaches  are  available:  jhiysl  cal -chcmi  ca  1 treatment  sv.srems, 
advanced  biological  treatment  systems  and  land  treatment  .ysteins. 

None  ot  these  svstems  is  new  In  concept  and  the  unit  pr(jcesses 
involved  iwrrentlv  .ire  in  use.  It  w.is  felt  that  the  unit  processes 
from  those  systems  could  he  combined  to  achieve  comparable  high 
levels  of  wastewater  treatment  and  used,  to  the  scale  needed,  in 
wastewater  management  alternatives  for  the  San  Francisco  Ray  and 
Delta  Region.  These  and  other  treatment  metiiodol<n^,ics  are  discussed 
in  the  next  major  section  of  this  report. 

81.  The  State  of  California  furnished  the  Corps  witli  several  items 
of  general  and  specific  guidance  regarding  water  quality  objectives 
and  waste  discharge  prohibitions,  non-degradation  and  land  application 
systems.  The  following  items  of  /guidance  from  tlie  State  were  used  by 
the  Corps  in  the  development  of  wastewater  management  alternatives. 

a.  Statewide  standards  for  the  safe  direct  use  of  reclaimed 
wastewater  for  Irrigatii'n  and  recreational  impoundments  of  the  California 
State  Department  of  Public  Health  from  Title  17,  California  Administrative 
Code,  Sections  8025  through  8050. 

b.  Resolution  No.  68-16  of  the  California  Slate  Water  Resources 
Control  Board  commonly  called  the  Board's  "non-degradation"  policy. 

The  kev  provision  of  this  resolution  is  as  follows: 

"Whenever  the  existing  qualitv  of  water  is  better 
than  the  qualitv  established  in  policies  as  of 
the  date  on  which  such  policies  become  effective, 
such  existing  high  quality  will  be  maintained 
until  it  has  been  demonstrated  to  the  St.ite  that 
any  change  will  be  consistent  with  maximum  benefit 
to  the  people  of  the  State,  will  not  unroasonablv 
affect  present  and  anticipated  beneficial  use  of 
such  water  and  will  not  result  in  water  qualitv 
less  than  that  prescribed  in  the  policies." 

c.  Letter  dated  2f  Decemtier  1972  from  the  .State  of  California 
indi cat ing  that  ; 

(1)  "Thote  should  be  no  surface  runoff  from  the  land 
application  sites  of  either  wastewater  or  storm  water  .at  anv  time 
wlu’n  wastewater  is  present  on  the  site." 

(2)  "No  ontrollable  water  qualitv  factor  shall  degrade 
the  quality  of  anv  groundwater.  Exceptions  will  be  considered 
vdiere  the  controllable  factor  is  reclaimed  wastew.iter  and  where 
»’XiS»'ng  and  potential  ijoneflcial  uses  will  be  protected." 


'.;asti;wati-:r  trkatmknt  mitmods 


INTRODl'CTlON 

. A wide  variety  of  proccBses  can  he  used  to  t real  was  Lew.it:  er 
prior  to  final  disposal.  The  choice  of  the  method  of  treatment  i-. 
determined  by  wastewater  management  goals  and  ohieetive  . As  these 
goals  and  objectives  become  more  stringent,  based  on  St ar<‘  and 
Federal  requirements,  the  degree  of  wastewater  treatment  must  be 
Increased . 

8J.  .As  stated  previously,  water  quality  objectives  .and  waste  dis- 
charge  prohibitions  for  the  year  1975-2000  timeframe  could  not  be 
predicted.  Consequently,  it  was  concluded  that  the  formul.ition  of 
wastewater  mangement  improvements  would  be  based  on  liigh  ri'moval 
w.jste  treatment  technologies. 

84.  Two  general  waste  treatment  methodologies  have  been  addressed 
In  this  study  for  the  development  of  wastewater  manapemiMU  improve- 
ments. One  treatment  method  combines  various  conventional  treat- 
ment units  together  forming  an  advanced  treatment  process  and 
discharges  treated  el  fluent  to  receiving  surface  water  bodies.  Tlie 
second  method  involves  the  applic.it  ion  of  treated  wastewater  on 
designated  land  areas. 

CONVKNT 1 0N/\L  TRF.ATMF.NT 

85.  In  order  to  provide  for  the  maximum  possible  redmtion  of  pol- 
lutants in  facilities  discharging  to  surface  waters,  maximum  con- 
•'ider.itlon  was  given  to  developing  a full  tertiarv  treatment  process. 

K.ationale  for  such  a treatment  process  w.is  to  .icliieve  as  close  to 

99  percent  removal  as  possible  of  critical  pollut.ints  (shi'rt  of 
demineralization)  and  to  provide  a process  compar.»ble  to  land  treatment  . 

Since  this  process  would  provide  an  extremely  iiijth  level  of  tre.itnent 
.and  might  not  be  fully  required  to  .icbieve  future  water  qii.ilitv  ob  ■lu 
tives,  .1  series  of  .idvanced  treatment  piocesses  jiroviding  lower  Jegr.-.- 
of  treatment  was  considered.  These  .advanced  tre.itnent  processes,  however, 
would  provide  removals  higher  than  those  required  to  meet  current  wat.' 
jualltv  objectives.  Conventional  treatment  pro.  esses  considered  .ire 
discussed  in  the  following  sections. 

8b.  Wlieti  physlcal-chemlc.il  treatnKuil  is  used  (see  Figure  2),  the 
• ncoming  wastewater  masses  through  screening  devices  to  remove  l !v 
l.irg.e  soliii  matter  .and  grit.  Chemicals,  lime  ot  .alum,  ,ire  .idded 
Ilie  wastewater  in  a flash  mixing  b.isin  which  provides  foi  a r.ipid 
ligh  intensity  mixing  ot  the  chemical  eoagnlaat  ''j.i,  t.!ie  was  tew.it  <•»- 

locculatlon,  or  the  development  of  large  [\irticles  a;.  .i  tesult  ■■  ! 

1 he  chemic.i’  addition,  occurs  next  and  prior  to  the  removal  of  t lie 
suspended  solids  In  the  sedimentation  tank.  The  treated  wastewater 
IS  then  dlsintected  with  chlorine  .md  disciiarged  to  the  receivin'' 

.urface  water  body.  The  sludg.i'  collecteii  at  the  aotiom  ot  the  iiul  i 
iiiiuifation  t.ink  Is  pum[ied  to  a sluilgo  ihickeiU'r.  I'h  1 s .sludge  is  higl. 
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In  chemical  composition  (line)  which  can  be  recoven-ii  by  reca  I ci  nat  ion 
methods  for  later  reuse.  This  treatment  process  will  result  in  removal 
of  approximately  70  percent  of  the  available  BOD,  percent  ot  the 

nutrients  (60  to  80  percent  removal  of  phosphorus  and  20  to  50  percent 
removal  of  nitroj^en),  and  65  percent  of  the  heavy  metals  present  but 
there  is  no  removal  of  total  dissolved  solids.  ThJI_s  tvf^  of  Jireatmen^ 
was  not  used  in  the  development  of  wastewater  manap.ement  al  ternat  i ves 
because  the  trend  in  the  San  Francisco  Bay-Delta  Rcy.ion  is 
biological  treatment.  However,  tlie  better  aspects  of  the  physical - 
chemical  process,  such  as  lime  utilization  for  phosphorus  removal, 
were  used  in  developing  the  full  tertl.ary  and  advanced  treatment 
processes . 

87.  The  basic  biological  treatment  proces.s  (see  Figure  3)  consists 
of  screening  devices  and  primary  sedimentation  for  the  removal  of 
settleable  organics,  iloating  oils,  and  grease.  The  wastewater 
then  enters  aeration  tanks  where  it  is  mixed  with  activated  sludge 
and  agitated  bv  compressed  air.  Alter  aeration  and  mixing,  the 
wastewater  flows  to  final  settling  tanks  where  the  sludge  is  separated 
by  sedimentation.  A portion  of  the  settled  sludge  is  returned  to  the 
inlet  end  of  the  aeration  tank  to  innoculate  the  incoming  sewage. 

The  treated  wastewater  is  chlorinated  prior  to  disposal.  This  basic 
biological  treatment  process  can  liave  several  variations.  Those  used 
in  this  study  include; 

a.  Addition  of  a nitrification/denitrification  process  (see 
Figure  A)  in  whlcti  arraiKmia  nitrogen  is  biologically  converted  to 
nitrogen  gas; 

b.  Addition  of  dual  medial  filter  (see  Figure  5)  for  the 
purpose  of  polishing  the  treated  wastewater.  The  filter  is  employed 
for  the  removal  of  finely  divided  suspended  material.  These  treat- 
me’  processes  can  be  combined  with  the  basic  biological  treatment 
process  so  that  partial  or  full  tertiary  treatment  (see  Figures  6 
and  7)  is  applied  to  w.is  tewater . Tertiary  treatment  provides  for 
the  removal  of  pollutants  not  completely  rem<5ved  by  secondary 
treatment  process,  such  as  suspended  solids,  refractory  organics, 
and  nutrients. 

88.  A full  tertiary  treatment  as  ustui  in  this  report  consists  of 
conventional  biologic.tl  treatment,  DH  percetit  phosphorus  removal, 
nl t r 1 t icat ion  and  denitrification,  dual  media  filtration,  and  car- 
bon adsorption.  Sludge  is  (.ollecled  from  the  sedimentation  tanks 
and  pumped  to  an  anaerobic  digestt*r  lor  st  .ib  i 1 i zat  ion  . For  those 
unit  processes  which  usi-  ctiemicals;  i.o.,  (ihosphorus  removal  and 
carbon  adsorption,  the  '■beni(.ils  will  be  recov«‘re<‘  bv  thermal  re- 
generation for  late;  usi 
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H‘K  Treatmtiil  processes  discussed  in  tills  report  result  in  the 
removal  efficiencies  sliown  in  Table  13.  Removal  e i f i i i enc  i es  shown 
were  obtained  I rom  various  published  engineerinK  documents,  text- 
books and  professional  articles.  They  represent  averagt  values 
lor  the  individual  processes  sluiwn . 

Ij\nd  application 

Int  reduction 

90.  Of  the  general  types  of  treatment  considered  in  this  study, 
land  tipplication  or  the  "living  filter"  is  the  most  unique.  Instead 
of  reiving  on  indlvidu.al  tertiary  or  advanced  treatment  units  in  the 
treatment  sequence  as  is  done  for  the  more  convention.il  physical 
chemical  .ind  .advanced  biological  systems,  land  application  relies  on 
the  natural  in-place  soils  and  associated  ground  cover  (the  livini' 
filter)  to  accomplish  terti.arv  treatmiuit.  The  process  is  truly  unique 
among  unit  tro.atment  processes  In  that  while  the  applied  wastewater  is 
being  renovated  and  impurities  removed,  it  Is  also  being  reused  as  ir- 
rigation water  for  the  ground  cover.  Not  only  does  land  .application 
allow  an  initial  reuse  of  wastewater  as  irrigation  water  but  it 

also  provides  additional  qu.antities  of  high  quality  water  which  have 
been  renovated  in  the  plant-soil  system. 

Background 

91.  Tlie  land-soil  system  acts  as  a filter,  removing  impurities  from 
the  wastewater  and  at  the  same  time  supplying  the  soil-nJant  system 
witii  nutrients  and  water  for  growth  of  pl.ant  life.  Ttie  name  "living 
filter"  has  been  used  to  describe  the  process  since  tlte  ground  cover 
is  an  integral  part  of  the  svstem.  The  concept  of  applying  waste 
products  to  land  areas  has  been  practiced  for  centuries.  Application 
of  treated  wastewaters  to  land  areas  is  .i  proven  concept  in  many  areas. 
A sewage  farm  for  Melbourne,  Australia,  has  been  successfully  oper- 
ating since  the  previous  century.  Cattle  and  sheep,  raised  for 

human  con.sumptlon , have  been  led  forage  grown  with  w.istewaters  on 
the  farm. 

92.  About  40  percent  of  the  total  sewage  produced  at  Inland  facil- 
ities in  Rngland  .and  Wales  is  applied  to  agri  cultur.al  land.  In 
C.ali^ornia  such  Large  cities  as  Fresno  and  Bakersfield  practice 
land  application  of  wastewaters.  Nearly  all  of  the  communities 

n the  Southern  San  lo.aquln  Valley  and  Tulare  Basin  practice  some 
form  of  Land  application,  principally  through  irrigation  of  crops 
find  pasture. 
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TABLE  13 


CONVENTIONAL  WASTEWATER  TREATMENT  PROCESSES  - 
AVERAGE  REMOVAL  EFFICIENCIES 


AVERAGE  REMOVAL  EFFICIENCY  X 


Treatment 

Process 

Biochemical 

Oxygen 

Demand 

Total 

Nitrogen 

Total 

Phosphorus 

Gross 

Heavy 

Metals 

Total 
Dissolved 
Sol  ids 

Secondary  1/ 

91 

60 

32 

40 

1 

Aerated  Lagoons 

85 

10 

10 

25 

'1 

Advanced 
Secondary 
Type  A 2/ 

91 

68 

32 

40 

1 

Advanced 
Secondary 
Type  B 3/ 

96 

72 

86 

52 

10 

Advanced 
Secondary 
Type  C 4/ 

96 

96 

86 

79 

■ 1 

''ul  1 Tertiary  5/ 

99 

98 

99 

85 

10 

1/  Includes  primary  sedimentation,  aeration,  secondary  sedimentation, 
and  chlorination. 

2'  Includes  secondary  treatment  plus  nitrification. 

3/  Includes  secondary  treatment  plus  dual  media  filtration. 

k!  Includes  secondary  treatment  plus  80%  phosphorus  removal  and 
nitrificat Ion/ deni tri f Icat  ion . 

Includes  secondary  treatment  plus  98%  phosphorus  removal, 
n I tr 1 f icat ion/deni t ri f icat ion , dual  media  filtration,  and  carbon 
adsorpt Ion . 
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3 . Ill  ttu>  San  Francisco  15av-l)clta  Region  about  S to  10  percent  of 
all  wastewater  flows  are  disposed  of  by  some  term  ol  land  appi icat i on . 
Altbougti  golf  course  irrigation  iinil  hillside  spraying  are  the  two 
most  common  methods,  tiie  city  of  Fleasanton  intensely  irrigatt's 
about  100  acres  ot  pasture  lands  on  wlilch  caith'  are  grazed.  In 
t^allfornia,  as  a wliole,  over  200  municipalities,  communities  and  indus- 
tries practice  some  form  ol  land  application  with  treated  wastewaters. 

9A.  file  "living  filter"  concept  has  the  following  un  i cpje  features 
which  make  it  an  attractive  alternative  to  conventional  advanced 
wastewater  treatment  when  considering  total  water  resource  management: 

a.  Irrigation  with  treated  wastewaters  on  crop  and  pasture  lands 
could  replace  or  release  higher  qualitv  water  supplies  normally  used 
for  i rr  1;^  ' ion  . 

h.  Nutrients  are  returned  to  the  land  where  they  are  beneficially 
used  by  plants. 

c.  Uiscliarges  to  water  bodies  would  be  lessened;  this  will  insure 
that  loss  pollutants,  such  as  BOD,  nitrogen,  and  phosphorus,  will  be 
directly  entering  the  surface  waterways. 

li . The  fate  of  waste  materials  can  be  more  easily  monitored  and 
controlled  on  land  areas. 

e.  It  becomes  possible  t c'  avoid  the  constant  upgrading  of  treat- 
ment plants  in  order  f o meet  higher  standards. 

f.  Crops  and  pasture  gra..ses  grown  on  land  application  sites 
provide  additional  benefits. 

g.  W.iter  renovated  bs  the  "living  filter"  can  be  recollected 
and  reused  lor  additional  beneticial  purposes. 

95.  Prior  to  land  application,  wastewater  will  be  given  secondarv- 
level  pretreatment  tolloweil  bv  ehlorinatlon  to  destrov  bacterial 
I’athogens.  Pretreaiment  meinods  considi-red  in  this  study  include  the 
activated  sludge  proeess,  Figuri'  1 (hand  Treatment  - Type  .X),  and 
treatment  in  aerated  lagoons.  Figure  8 (hand  Tre.ument  - Type  Y) . 
hither  ol  these  systems  will  ptetr  ui  w.istewater  to  an  acceptable 
and  comparable  degree  amenable  to  1 uither  treatment  hv  the  "Living 
filter." 

Applliation  .Methods 

96.  The  three  most  common  le'hoiis  ol  applying  wastew.iter  in  land 
application  systems  are  bv  spr.u  irrigation,  ovi-rland  runoff  (sheet 
tlow)  and  rapid  ini  L 1 1 rat  ion  . Spray  irrig.ition  ean  he  accomplished 
with  fn-place  or  travelling  sprav  rigs.  Overland  i unol f utilizes 
ditches,  usually  about  UK)  te'-t  ip.irt  per  one  in-r  ent  of  slope. 

Gener.tl  ground  slopes  .iii  usu.illv  In  the  rangi'  ol  J-h  percent.  Water 
rele.isf>d  from  the  ditches  tlow--  ver  the  soil  nove'  uiul  top  soil 
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surface  layer.  Rapid  infiltration  applies  water  on  i lands  ite 
tor  10-lA  days  with  resting  periods  of  a few  days  between  appli- 
cations. \ fourth  method,  ridge  and  furrow  irrigation,  could  be 
u.sed  for  crops  that  are  sensitive  to  spray  on  their  foliage.  After 
preliminary  evaluation  of  these  methods,  spray  irrigation  was  con- 
sidered to  have  the  widest  application  to  the  study  area  and  was 
tite  only  method  evaluated  in  this  report. 

Removal  Mechanisms 

97.  The  land  treatment  process  utilizes  the  entire  bio-system,  in- 
cluding the  soil  and  its  vegetative  cover,  to  purify  the  wastewater. 
Wastewater  is  renovated  by  three  basic  intenial  mechanisms  operating 
within  the  soil,  nanelv  plant  uptake;  filtration,  ion  exchange  and 
lixation;  and  reactions  with  soil  micro-organisms.  These  mechanisms 
are  active  to  some  degree  in  all  types  of  soil  and  control  the 
effectiveness  of  the  land  to  sustain  wastewater  renovation  and 

opt  itiunn  crop  production.  T!ie  sketch  on  page  60  illustrates  the 
removal  mechanism;-..  They  are  discussed  in  more  detail  in  the 
tol lowing  sections. 

98.  Of  primary  concern  are  the  amounts  of  the  various  nutrients 
removed  from  the  applied  wastewater  by  crop  and  pasture  lands. 

The  amounts  of  maior  nutrients  such  as  nitrogen  and  phosphorus 
lf)st  through  plant  uptake  represent  quantities  lost  through  har- 
vesting .ill  or  portions  of  tin-  growing  vegetation.  Quantities 
removed  per  acre  depenii  not  onlv  on  the  content  of  the  element 

in  the  part  of  the  crop  that  is  h.arvested  but  on  the  total  weight 
ol  dry  material  removed.  Since  both  plant  composition  and  yield 
vary  widely,  different  amounts  of  the  nutrients  are  removi-d  by 
ditferent  plant  species.  For  this  study,  it  was  assuwd  that  crops 
such  as  cotton,  sugar  beets  or  corn  (crojis  which  use  about  150 
poimds  of  nitrogen  per  acre  per  veat  j would  be  harvested  .ind  that 
pasture  grasses  such  ;is  ryes,  bromes  .iiid  fescues  would  be  grown. 
These  pasture  grasses  remove  about  21)0  pounds  of  nitrogen  per  acre 
per  year.  In  general,  phosphorus  is  removed  by  most  crops  at 
rates  comparable  with  about  one-tlfth  of  the  nitrogen  remov.il  rati'. 

99.  Physical  .and  chemical  phenomena  are  Important  among  removal 
meih.inLsms  not  only  a.s  they  relate  to  the  accumulation  of  pollutants 
ir  Mie  upper  path  of  'he  siiil  horizon,  hut  also  with  respect  to  the 
indirect  role  ol  soil  chemistry  in  relation  to  biological  renovation 
•ind  to  the  influence  ot  chemical  inter.acti  'ns  on  roil  physical 
prep.-rt  les  . 

a.  Flltr.it  leu  is  the  stra  nlng  or  mechani.  al  '-■•moval  of  sus- 
pended particles  which  .fc  l.irger  than  the  openings  he'ween  the 
soil  grains.  This,  lor  tie  most  part.  Lakes  place  near  the  surface 
and  Initially  remcives  the  very  large  particles.  As  filtrrion  pro- 
c*‘eds,  the  opening.s  become  stiwller  because  of  .iccumu  1 ai  Ing  material 
and  siivilier  particles  are  removed.  The  process  Is  essent  l.t  1 ly  the 
same  a.s  th.it  occurring  In  mech.inical  treatment  plants.  However, 
tre.itment  plant  tlltr.it  ion  rates  are  manv  limes  the  rate's  contem- 
plated for  land  appl  lc.it  Ion , This  allows  the  organic  ' ract  ion  of 
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the  rfi'lidb  to  degrade  and  become  part  ol  the  soil  system.  Beeanse 
ot  the  relatively  low  application  rates  and  subseqin-nt  organic  de- m- 
positlt)n,  tlie  living  filter  should  be  able  to  perform  indel  in  i te  1 v , 
without  ''logging  or  chemical  buildup  problem.s. 

b.  Ion  exchange,  perhaps  the  most  commonly  recognized  chemical 
process  which  occurs  In  soils,  is  related  to  characteristics  of  both 
the  ''lav  fraction  and  organic  miitter.  Although  ion  exchange  is  more 
important  wliere  considering  dissolved  chemicals  which  are  positively 
charged  (cations),  soils  under  certain  conditions  also  have  a limited 
capat:ity  to  retain  negatively  charged  chemicals  (anions).  Cation 
excliange  capacity  increases  botli  with  tlie  organic  content  of  soils 
and  soil  acidity  (pH).  Iletvv  metal  cations  in  wastewater  applied  to 
soils  miLSt  compete  with  co;'im<>n  i-, it  ions  in  normal  exchange  phenomena. 
Since  lieavy  metal  cations  ,ire  normally  present  in  wastewater  at  much 
lower  levels  than  common  f.^tions,  this  exchange  plienomena,  while 
significant,  is  not  tlie  most  effective  process  in  the  rera.  il  of 
heavy  metals  from  solution. 

c.  Adsorption  l.s  tlie  most  important  process  by  whicii  pollutant- 
are  removed  from  wastewaters  applied  to  soils  and  is  defined  as  the 
capacity  of  soils  to  retain  certain  dissolved  chemicals  so  tightly 
that  they  can  only  be  removed  trora  the  solid  fraction  witli  great 
difficulty.  It  differs  from  Ion  exciiange  in  that,  by  definition, 
exchangeable  ions  are  freely  replaceable.  Several  processes  may  be 
involved  in  iidsorpi  Ion.  Initially,  it  involves  an  ion  exchange 
piiase  but  eventually  the  surface  adsorbed  Ions  become  Incorporated 
wltliin  tlie  soil  .structure  as  an  impurity  unavailalile  to  tlie  soil 
solution.  Tlie  proces.s  is  particularly  significant  in  the  removal  of 
heav”  metals  and  phospiafe  and  is  ai<led  by  organic  matter  present  in 
the  soi 1 . 

d.  So  far  the  removal  mechanisms  described  liave  depended  upon 
physical  and  cliemical  interactions  of  constituents  in  the  soil 
solution  with  some  component  of  tiie  soil  structure.  However,  if 
tile  concentrations  of  cations  and  anions  in  tiie  soil  solution  become 
sufficiently  high,  mutual  association  between  specific  types  of  con- 
stituents in  solution  will  occur  to  lorm  solid  chemical  compoutids  with 
limited  solubility.  Although  the  concentration  levels  at  which  pre- 
cipitation will  begin  to  oi’cur  depend  upon  the  individu.il  compounds 

In  ijuestion,  many  of  tlie  cations  and  anions  t ound  in  wastewater  can 
potent  i .»i  1 y precipitahle  In  tlie  soil. 

100.  Biochemical  reactions  whlcIi  oc:ur  in  the  soil  are  iho.se  di- 
rectly or  Indirec.tlv  related  to  processes  hy  which  micro-organisms 
degrade  the  applied  w.istewater  organics.  Trtmarv  micro-organisms 
oi  the  soil  are  bacteria,  fungi,  .ilgae  and  soil  animals  such  as 
protozoa,  e.'irthworm.s  and  nematoOe.s.  These  organisms  are  tiie  ecological 
units  that  may  likely  have  the  largi'St  eltect  upon  w.istewater  applied 
to  l.ituJ.  Tliey  .ire  important  in  tliat  they  i .in  translorm  wastew.iter 


romponcut  s ext  eiis  i vi.’ 1 v t rinn  xases,  licjulds  or  solids.  Trans fornuit  ion 
processes  involving  micro-organisms  li.ave  significant  effects  upon 
carbon,  nitrogen,  snltiir,  and  phosphorus  and  include  mineralization 
and  immobilization,  ni t r 1 f icat ion,  deni tri f icat ion,  and  oxidatlon- 
reduct ion . 

101.  The  following  summary  brieflv  describes  the  effects  of  the 
foregoing  removal  mechatilsms  on  certain  critical  constituents; 

a.  Suspended  Solids  - Suspended  solids  removal  bv  the  "living 
filter"  can  be  quite  efficient.  Most  authorities  credit  a percola- 
tion tvpe  system  such  as  rapid  infiltration  or  spray  irrigation 
with  essentiaily  complete  (99%+)  removal.  Overland  runoff  is  some- 
what less  efficient,  less  predictable  and  mindi  more  difficult  to 
control.  Even  with  the.se  dr.awbacks,  it  Is  estimated  that  80  percent 
ot  suspended  solids  could  be  removed  from  secondarv  effluent  bv  over- 
land runoff.  The  main  mechanism  involved  in  spray  irrigation  and 
rapid  infiltration  is  filtration  bv  the  soil  mantle.  That  of  over- 
land runoff  is  filtr.ation  through  the  organic  litter  on  the  soil 
surface  and  may  inclmle  some  filtrtition  horizontally  in  the  first 

few  Inches  of  soil. 

b.  Oxygon  Demanding  Compounds  - These  materials  are  generally 
considered  to  be  the  relatlveiv  easily  degraded  organic  compounds. 

The  Biochemical  Oxvgen  Dom.ind  (BOD)  is  accepted  as  an  index  of  their 
presence.  Organic  decomposition  in  the  soil  is  essentially  the  same 
as  that  occurring  in  biological  secondarv  treatment  processes.  The 
same  groups  of  microorganisms  operate  in  both  systems.  Biological 
secondary  treatment  merely  increases  the  concent  rat  it>n  of  active 
microorganisms  and  provides  an  ideal  environment  in  order  to  speed 

up  the  decomposition  process,  which  occurs  naturally  in  soil  systems. 

c.  Dissolved  Solids  - Total  dissolved  solids,  also  expressed 
as  TD.S , consist  mostly  of  .sodium,  potassium,  m/ignesium  and  c.ilclum 
sulfates  and  chlorides  in  solution.  Most  of  these  materials  are  not 
removed  in  anv  significant  degree  from  wastewaters  by  soils.  Although 
significant  ion  e;<change  can  occur  in  the  soil  matrix,  this  is  only 

an  exchange  of  ions  rather  than  a net  removal  of  dissolved  solids. 
.Meit'icr  is  there  a significant  removal  of  dissolved  solids  bv  plant 
upt  . especi.il  Iv  In  relation  to  the  total  quantities  in  the  applle.il 
w.istewater.  In  arid  or  semi-arid  areas  where  evaporation  is  signif- 
icant, there  can  he  a not  .salt  accumul  at  Ion  in  soils  as  ,i  result  ol 
Irrig.i’Ion  or  water  .spreading  operations  If  provisions  for  adequate 
leaching  are  not  provided.  Salt  buildup  in  the  .sell  horizon  due  to 
the  removal  of  c.arrlage  water  bv  evapotranspirat  Ion  historically  has 
been  ■’-l•vented  or  corrected  by  applying  excess  amounts  o*"  irrigation 
water  which  percolate  the  .tppllod  or  previously  huilt-uo  salts  bevond 
the  plr'int  root  zone  where  thev  no  longer  are  harmful  to  pl.ints.  in 
ste.idv  state  conditions,  all  dl.ssolviul  solids  applied  by  the  waste- 
water  percolates  below  the  plant  root  zone.  Although  tot.il  quantities 
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of  salt  do  not  increase,  tlie  percolate  may  exhibit  increased  con- 
centrations of  FDS  because  of  the  removal  of  carria;’"  water  by 
evapotransplration.  As  the  quantities  of  percolate  ilecreasi-  in 
relation  to  total  annual  applications  of  wastewater,  these  IDS  con- 
centrations will  Increase.  Under  like  conditions  of  evapot ranspi ra- 
tion it  must  be  stressed  that  similar  increases  in  the  mineralization 
of  percolating  water  occurs  in  normal  irrigation  practice.  l\fhile  it 
is  possible  to  protect  the  "living  filter"  from  salt  accumulation, 
the  fate  of  the  percolated  salts  must  be  carefully  moni  tort'd  and 
controlled  to  prevent  an  undesirai)le  deterioration  of  ground  and 
surface  waters. 

d.  Nutrients  - ilie  two  basic  nutrients,  phosphorus  and  nitrogen, 
are  removed  bv  various  combinations  of  plant  uptake  and  binding  to  the 
soil  particles.  Generally,  nitrc'gen  will  be  the  limiting  element  on  a 
short-term  basis  (yearly)  whereas  phosphorus  will  be  Che  limiting  ele- 
ment over  a long  period  of  time  (HO  or  100  years).  Phosephates  from 
applied  wastewater  ultimately  end  up  either  utilized  by  plants,  or 
bound  to  soil  particles  as  insoluable  pliosphate.s . Phosphate  removal 
is  generally  accepted  as  complete  in  a v/ell-n;inaged  soil  system,  es- 
peciallv  at  low  application  rates.  Phosphate  percolation  usually  occurs 
only  when  the  soil  capacity  for  assimilating  the  phosphates  is  reached. 
Reactions  involvinc,  nitrogen  in  the  soil  are  both  very  complex  and  verv 
important,  especially  since  nitrogen  (in  the  nitrate  form)  seems  to  be 
the  limiting  element  in  land  application  systems.  All  of  the  major  site 
comiKuients  (plants,  soil  and  micro-organisms)  can  provide  active  respor.ses 
to  nitrogen,  depeitding  on  its  form.  Nitrogen  can  be  applied  to  the  soil 
in  several  forms,  organic,  ainmonium  or  nitrate.  About  90  percent  of  the 
total  nitrogen  in  secondary  effluent  is  in  the  inorganic  form,  as  either 
ammonium  or  nitrate.  Tlie  major  opportunity  for  nitrate  removal  is  bv 
plant  uptake.  The  amount  removed  is  l.irgely  a function  of  the  particular 
crop  ased.  If  more  nitrogi-n  is  applied  than  can  be  used  by  the  plants 
(or  volatilized  to  nitrogen  gas),  the  excess  will  Percolate.  Essentially 
all  nitrogen  percolating  below  the  mot  zoiu'  is  in  the  nitrate  form.  Some 
nitrate  nviy  be  immobilized  in  the  upper  layers  of  the  soil  bv  incorpora- 
tion into  microbial  cells  .uiu  tlius  retained  above  the  root  zone  as  organic 
nitrogen.  AiTMonlum  nitrogen  reaching  the  site  has  potential  for  two  ini- 
tial pathways.  Some  can  be  temporarily  .idsorbed  by  the  soil  particles. 
Fi.xation  in  less  soluable  fomts  by  cl.iy  minerals  is  possible.  The  frac- 
tion temjiorarily  held  is  .ivailable  to  micro-'>rganisms . This  microbial 
activity  is  also  the  second  potential  direct  p.ithway.  I'hcse  aerobic 
org.anisnus  oxidize  the  aimnonlum  nltrogi*n.  The  end  product  is  still  nitrate 
but  the  time  lag  inherent  in  the  process  is  a definite  benefit  for  overall 
removal  efficiency.  In  effect  the  <;olls  and  orga  isims  provide  tci.iporarv 
stf)ra;.'e  for  some  of  the  nitrogen  which  is  then  gradually  released  for 
plan'  uptake  during  the  non-spr.iv  rest  perioils. 

heavy  .li'tals  - Tlie  heavy  metal.s  considered  are  cadmium, 
cobalt,  chromium,  copjter,  irctn,  mercurv,  nuing.inose,  molybdenum, 
nickel,  lead,  and  zinc.  These  heavy  metal.s  are  considered  by  sonw' 
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to  be  j cause  of  possible  ci'ncern  in  land  application  practices* 
There  are  two  basic  concerns  in  dealing  with  lieavy  metals.  First, 
that  excessive  amounts  will  percolate  into  underground  water  sup- 
plies or  into  recollected  water  thereby  Impairing  their  uses. 
Secondly,  that  the  soluable  fraction  of  these  metals  in  the  soil 
will  be  so  great  as  to  create  excessive  concentrations  in  plants 
wliich  would  either  kill  the  plant  or  prevent  its  further  use  as 
harvested  crop  due  to  high  toxicity.  Several  different  mechanisms 
have  been  postulated  for  binding  tlie  metals  in  insoluable  forms, 
iteavv  metal  cations  are  strongly  adsorbed  by  organic  matter  which 
reduces  their  mobility.  In  addition,  clay  materials  arc  often 
credited  with  having  high  cation  exchange  capability  for  holding 
onto  heavy  metals.  These  mechanisms  are  believed  to  be  quite  ef- 
fective in  permanently  binding  mc>tals  to  the  soil  matrix. 


INITIAL  DKVI'.I.OTMKN'I  OK  ALTKKNAT  I VKS 


WATER  QUALITY  ZONES 

102.  The  San  Francisco  Bay  system  ext  etuis  from  the  eastern  end 

ot  Chipps  Island  at  the  citv  of  Kilttdiurp,  where  tlie  Sacramento  and 
San  Joaquin  Rivers  join,  westward  and  soutitward  to  the  mouth  of 
Coyote  Creek  near  the  city  of  San  Jose.  Ttie  Colden  Cate  is  about 
lialfway  between  San  Jose  and  /intiocli  and  is  tlie  Bay's  only  direct 
connection  with  the  I’acifie  Ocean.  The  Sacramento-San  Joaquin  Delta 
is  roughly  t riangular  in  sliape  and  extends  I rom  Cliipps  Island  on 
the  west,  to  tlie  city  of  : acramento  on  tlie  north,  and  on  the  soutli 
to  Vernalis  on  the  San  Joatiuin  River  about  10  miles  southi'ast  of 
the  city  of  Tracy. 

103.  Water  quality  zones  were  established  in  the  San  Francisco 
Bay-Delta  system  and  its  adjacent  offshore  ocean  waters  to  permit 
differentiation  and  evaluation  of  water  qualitv  witltin  different 
portions  ot  tlie  estuaritie  .system.  Five  zones  were  established  by 
the  Corps  of  Engineers  based  on  physical  configuration  factors  and 
ptiysical,  chemical  and  biological  water  quality  conditions.  In  all 
cases,  the  zones  either  correspond  with,  or  were  aggregations  of, 
water  quality  zones  developed  for  the  State's  Bay-Delta  Program  in 
the  mid-60’s.  These  five  water  quality  zones  are  described  in  tlie 
following  sections.  in  all  cases,  it  was  assumed  that  streams  or 
rivers  tributary  to  a zone  become  in  fact  part  of  that  zone. 

a.  Pacific  Ocean  - Pacific  Ocean  waters  offshore  from  and 
adjacent  to  the  study  area. 

b.  South  San  Francisco  Bay  - Th.it  portion  of  San  Fr,  cisco 
Bay  which  lies  south  of  the  OakJand-San  Francisco  Bay  Bridge. 

c.  Central  Bay  - Central  Bay,  as  defined  for  this  study,  lies 
between  the  Oakland-San  Francisco  Bay  Bridge  and  the  Carqulnez 
Strait  Bridge  and  Includes  San  Pablo  Bay. 

d.  Carquinez  Strait  - Suisun  Bay  - This  zone  includes  Suisun 
Bay  east  of  Carquinez  Strait  Bridge  to  the  junction  of  the  Sacramento 
and  San  Joaquin  Rivers  near  Pittsburg. 

e.  Sacramento  - San  Joaquin  Delta  - (as  described  in  Paragraph 

102). 

BASE  CONDITION 

104.  An  existing  or  base  condition  was  defined  and  used  as  a starring 
point  for  the  development  ot  the  v.irious  wastewater  management  alter- 
natives. Tlie  year  I'l7b  rather  th.in  tlie  current  year  was  chosen  as 

the  Base  Condition.  Both  the  Si  it  e W.iter  Resources  Control  Board  and 
the  California  Region. il  W.itor  Qu, ility  Control  Bo.irds  have  directed 
cert.iin  dlsch.irger  s ' > cooriini'e  pi. inning  on  .i  loc.il  subregional 


basis.  As  a result.  Interim  water  quality  control  plans  have  been 
developed  for  all  basins  in  the  study  area  and  in  some  instances  more 
definitive  subrepionai  plans  have  been  developed.  These  plans  speclfv 
short-term  improvements  for  local  dischargers  and  have  been  Incorpo- 
rated into  present  KPA  project  grant  lists. 

105.  The  vear  1975  was  cliosen  since  it  was  a logical  breakpoint  in 
local  planning  activities.  By  1975,  nearly  all  of  the  short-term  im- 
provements which  have  been  recommended  by  local  subregional  planning 
studies  or  required  bv  the  interim  water  quality  control  plans  of  the 
California  Regional  Water  (Juallty  Control  Boards  and  the  State  Water 
Resources  Control  Board  would  either  be  in  operation  or  under  con- 
struction. The  Base  Coiul  1 tjLojii^  is  not  a proposed  wastewater  manage- 
ment  alternative.  It  is,  rather,  the  expected  progress  which  will  be 
made  by  local  effort  in  I he  next  few  years.  Plate  4 shows  the  muni- 
cipal wastewater  facilities  e.xpected  to  be  in  operation  or  under  con- 
struction by  1975. 

POTENTIAL  L/VND  APPLICATION  SITES 

106.  Potential  land  sites  were  identified  within  and  surrounding  the 

study  area  for  the  application  of  treated  wasteivater.  The  entire  area 
Iving  within  the  following  boundaries  was  systematically  reviewed  to 
determine  general  areas  containing  potential  wastewater  application 
sites:  the  northern  boundary  being  the  Shas ta-Siskiyou  County  border; 

the  southern  boundary  being  tiie  Tehacliapi  Mountain  range;  tlie  eastern 
boundary  being  the  Sierra  Nevada  Mountain  range;  and,  the  western 
boundary  being  tlie  Pacific  Ocean.  The  following  exclusionarv  criteria 
were  used  to  initially  exclude  lands  from  consideration  for  wastewater 
application ; 

a.  All  land  areas  having  elevations  greater  than  1,500  feet 
were  to  be  eliminated  because  any  ptjinping  head  greater  than  1,500 
feet  would  not  be  economical iv  feasible. 

b.  In  order  to  eliminate  certain  major  legal  and  institutlon.il 
problems  and  to  insure  that  present  natural  open  space  was  not  reduced, 
essentially  all  land  areas  situ.ited  in  national  and  state  parks  and 
national  wildlife  refuges  were  .'x  Inded. 

c.  All  land  areas  projricted  to  become  urban  by  the  vear  2020 
were  excluded.  This  was  done  to  insure  that  any  potential  site  would 
not  bi*  locatoc!  within  an  urbanized  area. 

d.  To  insure  nroper  vegetative  growth  and  percolation  of 
applied  wastewater,  .tli  lane  ar-as  having  an  i dent  1 f i .ib  1 e hardpan 
layer  or  bedrock  ..'l  a deptl'  of  'ess  ihan  four  feet  were  eX'  luded. 


e.  To  insuro  that  possible  tloodlnv  would  not  heronu  iii 
economic  or  environmenta  1 hazard,  .all  l.aiids  in  major  lli'od  p'  ivr. 
were  excluded. 

f.  Small  isolated  landsites  which  wore  cons  1 derab I o dis- 
tance from  the  nearest  wastewater  sources  were  also  elimin.ited. 

It  was  assumed  that  Land  areas  of  5,000  acres  or  less  or  ot  in.su'- 
flclent  capacity  to  accept  a total  wastewater  .ipplication  rate  o; 
at  least  five  million  (gallons  per  d.ay  per  mile  from  the  source  would 
be  uneconomical  to  develop. 

107.  As  a result  of  usin>;  these  initial  screeninp  criteria,  53 

potential  land  application  sites  were  1 di'nt  I f i ed  . These  5i  poten- 
ti.al  sites  ,ire  shown  on  Plate  5.  li.ased  on  loc.itlon,  pre  1 imi  narv 
environmental  considerations,  .and  euRlneerlng  f e.as i b 1 1 i t v , 17  .sites 
were  chosen  for  additional  study.  These  17  potentiallv  .suitable 
sites  were  representative  of  most  of  the  fe.atiires  such  as  elevation, 
soil  conditions,  native  vegetation  and  irrigated  aRriculture  found  in 
the  original  53.  .\.lso,  the  17  sites  represented  a mix  of  interior 

valley  and  coastal  areas.  Further  review  of  characteristics  appro- 
priate to  accommodat inp  a regional  wastewater  management  solution 
resulted  in  the  selection,  for  more  detailed  evaluatii'n,  of  eight 

of  these  potentially  suitable  sites  located  within  and  immediatelv 
south  of  the  San  Francisco  Buv  and  Delta  Region.  These  eight  sites, 
together  with  all  other  potentially  suitable  sites  within  the  13- 
County  study  area,  are  shown  on  Pl.ate  6. 

108.  The  eight  selected  sites  are  lonsldered  to  he  representat i vo 
of  the  p'anning,  design  and  cost  factors  whiclt  must  bi-  considered 

In  developing  systems  for  the  large-scale  land  application  of  waste- 
water.  These  sites  cover  a gross  .area  ol  about  one  million  acres  and 
assuming  tin  average  application  r.ite  of  6.5  ac  re- ieet /ac  re/vear  would 
have  the  total  capacity  for  the  application  of  about  4.8  billion 
gallons  per  dav  of  wastewater.  A general  description  of  e.ich  of 
the  eight  sites.  Including  the  r.itionale  for  site  seliation,  follows: 

109.  Site  No.  - This  site,  ;uij;icent  to  Suisnn  Bay,  was  selected 

to  represent  the  opportunity  for  entianclng  at)  existing  wildlife  h.ib- 
Itat.  The  site  has  little  or  no  potential  for  agricnltur.il  put  poses 
because  the  existing  soils  have  poor  dr.iin.ige  ch.irac  t or  i s t ics  . However, 
growth  of  plant  foods  for  w.itertowl  could  he  jiohieved.  I'iie  site  in- 
cludes tlie  Crlzzly  Island  Wildlife  Management  .Ariui  whii.h  is  currently 
nvinaged  essential  Iv  .is  a waterfowl  habitat.  This  site  is  an  Integral 
p.'irt  of  the  S.'in  Francisco  Bav  system  and  does  not  .ippe.ir  to  have  .m 
alternate  location.  The  nearest  major  source  ot  w.ist  ew.it  ei  Is  the 

1 .li  r : 1 eld-Triivis  Air  !i>rce  B.uo  complex  in  Solano  Couiitv. 


)/  The  II. S.  Bureau  of  Reclamation  currently  is  conducting  studies  In 
this  general  .insi  rel.it  Ive  to  the  reuse  of  w.istewater  fi-r  marshl.ind 
enh  incenetU  . 
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110.  site  No.  5 - This  site.  In  Yolo  and  Colusa  Counties,  is  the 
largest  of  the  eight  sites  and  Includes  a variety  of  land  types.  Tills 
site  was  selected  because  of  the  potential  opportunities  for  tlie  de- 
velopment of  irrigated  pastures,  orchard  enhancement,  streamflow  and 
groundwater  augmentation,  and  general  crop  irrigation.  The  nuijor 
features  within  this  site  are  the  Ounnigan  Hills,  the  Cache  Creek 
Valley  and  Sacramento  Valley  lands.  Most  of  the  area  is  under 
Intensive  farming,  including  general  irrigated  cropping  and  rice 
production.  There  are  many  similar  sites  in  the  Central  Valley 
area.  The  nearest  major  source  of  uastewater  to  this  site  is 
Sacramento,  20  miles  to  the  southeast. 

111.  Site  Mo.  18  - This  site,  in  Marin  County  north  of  Mt . Tamalpais 
and  in  Sonoma  Countv  south  of  the  Russian  River,  was  selected  because 
it  represents  a typical  north  coast  range  location  with  adjacent  dis- 
persed major  metropolitan  areas.  Land  application  of  wastewater  at 
this  site  offers  the  potential  for  the  development  of  forests,  the 
possibility  of  streamflow  augmentation  and,  along  with  Site  No.  28, 
would  support  the  concept  of  preserving  open  space.  The  sitq  Includes 
the  basins  of  Nicaslo  Creek,  Walker  Creek,  Estero  itmerlcano  and  Salmon 
Creeks.  The  basin  of  San  .Vntonio  Creek  Is  excluded  because  of  poor 
soil  conditions.  The  nearest  major  wastev/ater  sources  are  Petaluma 
and  the  Santa  Rosa  Complex. 

112.  Site  No.  21  - This  site  Includes  three  valleys  In  the  vicinity 
of  Healdsburg  in  Sonom.a  Countv:  Alexander  Valley,  Knights  Valley, 

and  the  Russian  River  Valley  In  the  vicinity  of  Windsor.  Tliese  vallev 
areas  are  considered  representative  of  a number  of  interior  valleys 
in  the  north  coast  range,  I.and  application  at  this  site  offers  the 
potential  for  irrigation  of  existing  crops,  irrigation  of  forest 
areas,  streamflow  and  groundwater  augment.ition  and  recreational  en- 
hancement. The  nearest  wastewater  sources  to  this  site  arc  those  in 
the  vicinity  of  Santa  Rosa  and  Healdsburg. 

113.  Site  No.  27  - This  site,  in  Monterey  and  San  Benito  Counties, 
includes  the  Gabllan  Creek  Basin  .and  easterly  side  of  the  Salinas 
Valiev  south  from  Salinas  to  near  Solei.ad,  including  ()uall  and  McCov 
Creeks.  The  source  of  wastewaters  for  this  site  would  be  from  the 
southern  portion  of  the  Study  Area.  Capacity  In  the  site  would  be 
resi-rved  for  wastewaters  generated  in  the  Monterev  Bay-Salinas  Valley 
.area.  Land  application  in  this  area  offers  the  potential  for  managed 
forests,  particularly  of  Monterey  pine,  and  also  for  Irrigation  of 
rr>’rs  on  a valley  floor.  Application  of  wastewater  for  irrigation  could 
enhani  e agricultural  activity  am'  at  the  sam<’  time  diminish  or  reverse 
th.-  salt  water  intrn.slon  irro  the  area  caused  bv  excessive  irrigation 
pump  I ng . 

114.  Site  No.  28  - "his  site  includes  iwist  of  the  southwest  part 

of  San  Mateo  County  surrounding  the  Pescadcro  Creek  area.  It  repre- 
sents an  area  close  to  substantial  urban  development  with  potential 
for  developing  or  Improving  redwood  forests  for  commercial  use  and 
open  space  - retieatlen  needs,  Tn  addition,  recreational  use  mav  be 
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Further  enhanced  by  streamflow  augmentation.  The  potential  sources 
ot  wastewater  For  this  area  would  be  From  oceanside  San  Mateo  County 
and  South  San  I'rancisco  Bay  communities. 

115.  Site  No.  42  - This  site  lle.s  in  Contra  Costa  County  east  oF 
Mt.  Diablo  and  includes  tlie  Marsh  and  Kellogg  Creek  Valleys,  Deer 
Valley,  and  t!ic  forebays  of  the  Del ta-Mendota  Canal  and  the  California 
Aqueduct.  It  offers  potential  development  for  recreation  and  open 
space  areas,  forest  lands  and  wildlife  liabitats.  Site  No.  42  is 
typical  of  a mix  of  irrigated  agriculture  and  rolling  footitills  im- 
mediately adiacent  to  an  exi^anding  urban  complex.  The  nearest  major 
sources  of  wastewater  for  this  area  would  be  from  Antiocli  and  Stockton. 

116.  Site  No.  43  - This  site  includes  Union  and  Roberts  Islands 
southwest  of  Stockton.  Althougli  tlie  area  lias  a higli  water  table  it 
appears  possible  tliat  wastewater  could  be  applied  to  the  lands  and 
recovered  by  means  of  drains  and  pumping  in  a manner  consistent  with 
present  irrigation  and  drainage  practices.  The  site  is  typical  of 
the  Delta  Islands  with  large  flat  area.s  being  currently  farmed.  The 
use  ol  wastewater  in  tills  area  could  provide  an  excellent  source  of 
irrigatltni  water  as  an  alternative  to  riverflow  and  pumping  from 
well;;.  Hie  nearest  major  sources  of  wastewater  For  Site  43  are 
Antioch  and  Stockton. 

COMPUTER  COST  OPTIMIZATION  PROCdCVM 

Int  roduct ion 

117.  A methodology  was  necessary  tor  determining  possible  least- 
financial  cost  plans  involving  land  application  for  the  collection 
and  treatment  of  wastewater  in  t!ie  12-County  San  Francisco  Bay  and 
Sacramento- San  Joaquin  Delta  Region.  Because  of  the  complexity 
associated  with  the  Financi.i.  cost  .rnalysis  of  large  wastewater 
systems,  the  use  of  ailvanced  computational  procedures  involving 
computer  technology  was  Found  desirable. 

Program  Theory 

118.  in  structuring  a network  to  represent  tin.'  wastewater  disposal 
system  for  a municip.il  area,  a line  or  ".arc'’  is  .issigned  for  each 
tun.  t ion  or  .ictivity.  An  arc  would  be  used  to  represent  a treatment 
process  or  a group  ■*  processes,  conveyance  routes  between  source 
points,  and  outfall  line;.  For  tin.il  effluent  dischargt’.  Bv  con- 
nect 'ig  all  till’  ;irc  node;  I'f  .i  • omplete  system,  such  that  treatment 
pro.  esses  and  ciui vevance  routes  .ire  in  a technic.il  Iv  fe.isible 
sequence,  a network  l.s  formed.  i.ie  basic  objective  in  an.ilvzing  .i 
network  is  to  determine  t!ie  flow  in  i-ach  arc,  zero  i>r  otlurwise, 
whii'h  will  minimize  the  total  systi-m  costs  .and  .it  the  same  time 
satisfy  all  the  established  supply  and  demand  const  r.i  in  t . 


119.  Flows  .iro  assignod  to  each  arc  in  the  nolworU-  and  thus,  a flow 
pattern  is  generated.  Beginning  with  the  source*  tnule,  costs  of  col- 
lection, trc*atment,  and  disposal  of  wastewater  in  tlie  direction  of 
flow  are  computed  at  each  node  on  the  flow  pattern  from  established 
cost  curves.  The  program  checks  the  feasihllilv  of  the  solution  by 
determining  if  all  demands  are  mi't  and  all  constraints  are  satisfied. 
The  netvjork  program  determines  If  optimal  conditions  are  satisfied 

in  each  arc  and  if  the  total  solution  is  optimized.  The  relative 
valu**s  of  the  node  prices  on  the  two  extremitii*s  of  the  arc,  the  arc 
cost,  and  tlie  flow  define  an  optimal  condition.  When  the  solution 
is  feasible  and  optimal  conditions  in  any  arc  are  satisfied,  the  flow 
in  the  arc  is  considered  as  a possible  solution  in  further  network 
ana  lysis. 

Cost  Curve  Development 

120.  Tlie  primary  purpose  of  the  cost  curves  is  to  serve  as  preliminary 
screening  criteria  with  which  the  mod(*l  could  test  numerous  possible 
wastewater  network  alternatives  and  select  the  least  costly  for  more 
detailed  study.  Tlie  cost  curves  developed  and  utilized  in  the  model 
were  based  primarily  on  data  from  other  water  quality  studies.  The 
basic  data  were  updated  to  reflect  January  1972  cost  levels  (an 
ajiproprlate  date  during  the  period  of  model  development)  and  were 
modified  to  insure  that  various  treatment  methods  and  conveyance 
modes  were  being  compared  on  a equal  basis.  All  curves  are  in  terms 

of  total  annual  inilt  cost,  including  capital  and  operation  and 
maintenance  costs,  with  treatment  costs  expressed  in  cents/1,000 
gallons,  conveyance  costs  expressed  In  cents/1,000  gallons/mile,  and 
pumping  costs  expressed  in  cents/1,000  gallons/foot  of  pumping  head. 

At  the  beginning  of  the  study,  it  was  decided  to  develop  costs  based 
on  three  interest  rates.  These  were  5-3/8  percent  and  two  higher 
rates  (7  and  10  percent).  These  higher  rates  were  selected  based  on 
pf)sslble  future  economic  trends. 

Procedures  for  Alternative  Development 

121.  Tliere  are  two  phases  of  data  preparation  which  must  be  com- 
pleted prior  to  utilization  by  the  nxidel.  The  first  phase  encom- 
piisses  the  engineering  aspect,  Sovirce  points  must  be  established  with 
actual  locations,  projt'cted  wastewater  flows,  and  treatment  systems. 
Additionally,  all  the  source  points  must  be  Interconnected  with  con- 
veyance lines  and  the  engineering  data  tieveloped;  l.e.,  length  of  con- 
veyances through  either  rural  or  urban  areas.  Once  these  data  have 
been  developed,  the  second  [>hase  of  preparation  can  be  accomplshed, 
that  of  placing  data  in  a format  which  is  acceptable  to  the  model.  A 
standard  HO-card  column  computer  worksliei't  can  be  used  for  tills 
purpose.  In  developing  model  networks  for  testing,  almost  any 
pi'.ssible  wastewater  nvinagement  regional  1 zat  ion  is  possible  as  long 

as  the  input  network  is  less  th.in  1,000  arcs.  First,  various  system 
subregionalizations  cou’d  be  considered.  Tlie  model  can  then  indicate 
which  conveyance  routings  woulil  be  of  greater  €*xpense  and  thus,  they 
could  be  immediately  e 1 Imi  »',ited  from  furtoer  con-  .deration.  Tlie 
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total  svstem  can  then  bt>  tfsiod  as  a single  eiiLltv  '.ith  any 
desireil  constraint  Included;  i.e.,  limiting  the  total  quantity 
of  nutrients  to  he  discharged  in  a specified  discharge  outfall  or 
w.iter  quality  zone,  or  placing  a requirement  on  the  system  that  a 
certain  minimum  level  of  treatment  bo  established. 

RANCH  OH  /VLTERNATIVHS  lilXAMlNRI) 

Was  1 1 va  t e r 

Ml.  As  previously  discussed,  a conceptual  configuration  of  facil- 
ities for  1971  was  developed  to  provide  a common  base  for  evaluating 
wastewater  management  alternatives.  IW  agreement,  this  Rase  Condition 
1 .iut  i , oration  was  used  as  a starting  point  for  the  development  and 
tc-tin.’,  of  various  alternatives. 

12 i.  Numerous  alternative  configurations  consisting  of  combinations 
ot  Kind  application  and  surface  water  disposal  ^or  wastewater  generated 
in  the  San  Francisco  Bay  and  Delta  Region  were  investigated  by  using 
a least-cost  optimization  mathematical  mode  . The  1975  Base  Condition 
was  used  as  a starting  point  from  which  all  the  alternative  networks 
were  developed.  The  Base  Condition  provided  information  on  treatment 
plant  consolidations,  conveyance  routings,  and  outfall  locations. 
Alternatives  were  developed  with  the  assumption  that  each  would  use 
somt-  proportional  amovint  of  land  treatment.  Land  application  com- 
ponents ranged  from  an  economical  minimal  use  of  land  treatment  to 
large-scale  conceptual  u.se.  This  last  concept  would  insure  that  all 
wastewater  generated  would  be  treated  by  the  land  with  no  direct  dis- 
charge to  surface  waterways. 

12A.  Within  each  of  the  eight  basic  land  application  areas  potential 
entratue  points  were  established.  Witli  these  data,  the  wastewater 
-lourct  points,  land  application  sites,  and  discharge  outfalls  were 
interconnected  with  conveyance  lines  and  various  treatment  scliemt's 
were  placed  at  those  source  points  where  treatment  plants  could  be 
constructed.  Tliese  factors  allowed  the  establishment  of  networks 
whiih  could  be  refined  into  least-cost  alternatives  considering 
various  constraints.  Constraints  considered  included  such  items 
as  water  quality  objectives  (quantities  of  BOD,  nutrients  and  heavy 
metals  dischargecl  to  each  water  quality  zone),  minimum  levels  of 
treatment,  maximum  regionalization,  and  minimum  or  maximum  quantities 
which  could  be  treated  at  the  land  application  sites.  By  these 
methods,  five  Initial  alternatives  were  developed. 

125.  Tl)e  five  initial  alternatives  were  developed  for  further  study 
and  refinement.  Tliey  were  least-cost  solutions  for  the  amounts  of 
l.'ind  involved  formulated  with  readily  available  Information  con- 
cerning environmental  social,  and  public  health  considerations 
dealing  with  land  treatment.  It  was  anticipated  that  as  more  in- 
formation became  available,  it  would  be  used  to  revise  these  five 
alternatives.  Also,  because  of  the  Initial  lack  of  data  on  sludge 
transportation  methods  and  costs  and  the  effects  of  various  sludge 
components  on  the  soil  sy  tern,  sludge  components  were  not  included. 
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126.  Two  different  tvpes  of  pretreatment  systems  for  wastewater  were 
considered  in  developing  the  alternatives.  Both  systems  used  a com- 
parable biological  secondary  treatment  process  for  use  with  the  land 
application  concept.  In  the  first  two  alternatives,  the  wastewater 
is  to  be  treated  at  existing  or  expanded  Base  Condition  facilities 
by  activated  sludge  units  prior  to  conveyance  to  the  land  sites. 
t)nly  treated  wastewater  is  to  be  conveyed.  In  the  second  pretreat- 
ment  system,  which  pertains  to  the  last  three  alternatives,  raw 
wastewater  is  conveyed  to  the  land  sites  and  treated  In  aeration 
lagoons  prior  to  the  storage  and  spray  application  on  the  land. 

It  was  assumed  that  either  pretreatment  system  would  provide  compar- 
able constituent  removal  for  subsequent  land  treatment.  Tliese  five 
initial  alternatives  are  described  in  the  following  paragraphs. 


127.  Technical  Alternative  A - Tills  alternative  attempts  to  maximize 
the  incorporation  of  1975  facilities  thereby  minimizing  the  incre- 
mental capital  investment  required  for  the  future.  Under  this  alter- 
native about  50  percent  of  the  region's  preliminary  year  2000  waste- 
water  flow  is  conveyed  to  land  application  sites  following  secondary 
treatment  in  existing  or  expanded  Base  Condition  treatment  plants, 
hand  requirements  for  this  alternative  were  approximately  130,000 
acres.  Reservoirs,  with  capacity  for  about  50  percent  of  the  total 
vearly  incoming  effluent,  are  provided  at  the  land  application  sites 
to  provide  storage  during  the  four-month  period  when  spray  application 
to  the  land  cannot  be  accomplished.  Seven  facilities  provide  ter- 
tiary treatment  for  wastewaters  being  discharged  to  surface  waters. 

128.  Technical  Alternative  B - Alternative  B also  emphasizes  the 
retention  of  the  planned  1975  facilities.  This  alternative  makes 
greater  use  of  land  treatment  and  less  use  of  tertiary  treatment 
than  does  Alternative  A.  Under  this  alternative  over  60  percent 
of  the  region's  preliminary  year  2000  wastewater  flow  is  conveyed 

to  land  areas  following  secondary  treatment  for  storage  and  subsequent 
treatment  by  land  application.  Approximately  145,000  acres  of  land 
are  required  for  spray  application.  The  remainder  of  the  wastewater 
is  discharged  to  surface  waters  after  tertiary  treatment  in  five  re- 
gional treatment  plants. 

129.  Technical  Alternative  C - This  alternative  presents  a regional 
( onflguration  wliich  tends  to  place  greater  reliance  on  land  treat- 
ment than  does  either  Alternative  A or  B.  Many  of  the  1975  treat- 
ment facilities  are  converted  to  pumping  stations  and  all  wastewater 
destined  for  land  application  receives  secondary-level  treatment  in 
aeration  lagoons  at  the  land  application  sites.  This  secondary 
effluent  is  conveyed  to  storage  reservoirs  and  finally  receives 
advanced  treatment  by  'and  app’ i 'lion.  More  than  65  orcent  of 

the  region's  preJ imlnary  year  20v)0  waste  flow  is  anplled  to  land  for 


73 


treatment  undi'i  this  alternat  ive.  About  l/b.OOO  u<  'e  ’1  land  are 
required  for  spray  application.  In  tills  alternatlv.  about  15  percent 
of  the  region's  year  2000  wastewater  flows  receives  teiiiar-  treat- 
ment at  seven  facilities  prior  to  tllsiliarge  to  surface  waters. 

no.  Technical  Alternative  D - Alternative  D Is  similar  to  Alternative 
( except  that  fewer  of  the  base  Condition  treatment  facilities  are 
retained  and  more  land  a|iplication  is  proposed.  .Secondary  treatment 
before  spray  application  to  the  land  would  be  accomplished  in  aera- 
tion lagoons  at  the  land  sites.  Under  this  alternative,  over  80 
percent  of  the  region's  preliminary  year  2000  wastewater  flow  is 
conveyed  to  land  areas  for  secondary  treatment,  storage,  and  spray 
application  to  l.ind.  About  205,  M)0  acres  ol  land  are  required  for 
sijrav  application.  l^ss  than  20  perce-nt  of  the  region's  wastewater 
flows  disch.irge  to  surface  w.aters  .after  tertiary  treatment. 

IJ’.  Technical  .Alternative  E - This  alternative  presents  a conceptual 
re.ional  land  treatment  con  f i gur.it  ion . It  allows  for  no  direct  dis- 
charge of  treated  wastewater  to  the  Pacific  Oce.in  or  S-an  Francisco 
Bay  .and  Delta  Estuary.  R.iw  sewage  is  conveyed  to  the  land  areas  where 
secondary  treatment  is  accomplished  by  aeration  lagoons.  The  secondary 
effluent  is  conveyed  to  storage  reservoirs  and  finally  receives  advanced 
treatment  by  spray  applic.ation  to  the  land.  Approximately  255,000  acres 
are  necessary  to  manage  the  region's  year  2000  wastewater  flow. 

PllBLlC  INVOLVEMENT 

Introduction 

132.  With  broadening  public  interest  in  the  development  of  water 
resources,  planners  recognize  that  social  and  political  feasibility 
are  as  essential  a part  of  the  planning  process  as  environmental, 
engineering,  and  economic  considerations.  The  planner  considers  the 
limits  of  social  and  politlc.il  feasibility  tliroughout  the  entire 
planning  process.  Agreement  oe tween  the  planner  and  the  community 
upon  the  existence  of  .i  problem  whicii  demands  a study  of  feasible 
solutions  is  extremely  important.  The  purpose  of  public  involvement 
in  planning  is  to  achieve  mutual  understanding  and  a reasonable  con- 
sensus of  agreement  wl ' li  the  community  by  means  of  constant  communi- 
cation with  individuals  and  organizations  who  in  the  end  are  the 
determining  influences.  Effective  public  participation  in  water 
resources  development  is  based  on  the  recognition  that  those  affected 
b .’  planning  should  have  tlu'  opportunity  to  influence  and  shape  the 
plans.  T!ie  operational  realization  of  this  is  accomplished  by 
invi'lving  the  public  in  n'anning  through  communicat ion  processes  in- 
cluding 1 nform.at  ion , e\  a ' mtion.  ‘eedb.ick.  and  subsequent  plan  revisions. 

Ob  ject Ives 

133.  As  a ba.sls  for  development  and  or  can  i z.it  i on  of  public  involve- 
ment in  planning,  specific  program  objei.live.s  are  required.  These 
objectives  arc  set  out  as  follows; 
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a.  To  present  information  which  will  assist  'lie  piihlir  in 
defining  their  water  resources  needs  and  to  provide  the  piililic  .in 
opportunity  to  influence  and  shape  ttie  formulation  of  planning 
alternatives  and  to  express  preferences  in  choosing  i eourse  of 
ac  t ion . 


b.  To  provide  tlie  planners  with  definite  channels  through 
whicti  to  obtain  Information  on  public  goals,  priorities  and  pre- 
ferences regarding  pl.anning  alternatives. 

c.  To  coordinate  related  land  and  water  resources  planning 
with  other  Federal,  State,  and  local  agencfes. 

d.  To  explain  laiining  processes  and  procedures. 

e.  I’o  minimize  conflicts  in  determining  and  meeting  tlie  needs 
and  preferences  of  the  various  communities  and  groups  within  the 
publ ic  interest . 

f.  To  use  information  obtained  in  developing  plans  to  meet 
the  desires  of  the  public. 

Public  Involvement  Program 

134.  The  initial  public  involvement  program  for  this  study  consisted 
of  joint  public  meetings  with  the  State  Water  Resources  Control  Board 
and  the  Environmental  Protection  Agency,  and  workshop  sessions  with 
special  groups  representing  environmental  and  agricultural  Interests. 
Prior  to  each  public  meeting,  notices  of  the  meeting,  brochures  for 
background  information,  and  copies  of  the  joint  agreement  for  inter- 
agency water  quality  management  planning  between  the  State  of 
Californi.i,  the  Environmental  Protection  Agency,  and  the  Corps  of 
Engineers  were  distributed.  Such  information  also  was  distributed 

to  Congressional  representatives.  Federal  agencies.  State  represent- 
atives, county  and  local  government,  industries,  utilities,  organized 
local  Interest  gioups , the  news  media,  and  individuals  interested  in 
wastewater  management  planning. 

135.  The  first  public  meeting  was  held  in  Martinez,  California,  on 
17  April  1972  at  the  Contra  Costa  County  Administration  Building. 

The  second  meeting  was  actually  a series  of  three  successive  sessions. 
The  first  session  was  held  on  21  September  1972  at  the  State  Resources 
Agency  Building  in  Sacramento,  California.  The  second  was  held  on 
25  September  1972  at  the  Marin  County  Civic  Center  in  San  Rafael. 

Tie  til . rd  meeting  was  held  .it  the  San  Joae  City  Hall  on  28  September 
19 '2. 

136.  Meetings  were  jointly  chaired  by  the  Corps,  the  State  Water 
Resources  Control  Board,  and  tlie  Environmental  Protection  Agency. 

An  Introductory  presentation  was  made  at  the  start  of  each  meeting 
which  expanded  on  Infornuitlon  previously  distributed.  Statements 

I rom  Interested  parties  were  then  requested.  A complete  record 
of  the  liearlngs  was  made  Including  names  of  those  in  attendance 
■■"r  future  review  and  further  . ons  iderat  ion  in  planning  efforts. 
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These  records  are  available  for  review  In  the  Corps'  San  Francisco 
district  Office.  Also,  they  are  to  be  furnished  higher  eclielons 
for  information. 

137.  The  basic  purpose  of  a workshop  Is  to  generate  an  input  of 
local  needs,  desires,  and  goals  for  the  planning  study.  An  addi- 
tional objective  is  to  lay  the  ground  work  for  continuing  feedback 
from  local  interests  in  developing  and  assessing  planning  alterna- 
tives. 

138.  Three  environmental  workshop  sessions  were  held  with  various 
San  Francisco  Bay  environmental  groups.  Advance  information  for 
discussion  was  mailed  to  the  interested  organizations  and  individuals 
and  Included  an  environmental  summai-y.  Worksliop  sessions  were  held 
on  11  October  and  13  November  1972  and  17  .\pril  1973.  In  addition, 

a workshop  session  with  agricultural  interests  was  held  on  21 
.November  1972  at  the  University  of  California  in  Berkeley  for  rep- 
resentatives of  the  University  of  California's  Agricultural  F.xtension 
Service.  The  structure  of  the  meeting  and  materials  furnished  were 
the  same  as  for  the  enviroiummt a 1 worksliops. 

139.  The  Initial  public  involvement  program  produced  testimony  that 

indicated  general  concern  regarding  the  large-scale  land  application 
of  wastewater  and  sludge  and  the  Corps'  initial  alternatives.  The 
major  concerns  and  observations  resulting  from  the  public  Involvement 
program  are  as  follows:  There  was  general  concern  regarding  environ- 

mental preservation.  Also,  the  massive  disruption  of  community  structur 
and  the  loss  of  tax  base  was  of  concern  to  many  residents  living  in 
some  of  the  identified  land  application  site  areas.  Many  participants 
desired  additional  information  on  groundwater  effects  from  the  land 
application  of  effluent.  There  was  concern  regarding  the  quality  of 
effluent  prior  to  land  application,  the  potential  for  public  health 
problems,  and  the  fate  of  heavy  metals  and  nutrients  in  tlie  soil  mantle. 
Monterey  and  Yolo  Counties  interests  voiced  strong  opposition  to  the  use 
of  land  areas  in  tlieir  counties  for  the  application  of  wastewater  and 
sludge.  In  addition,  Monterey  County  interests  felt  that  wastewaters 
should  not  be  transported  into  their  area  from  the  San  Francisco  Bay 
and  Delta  Region.  Favorable  comments  regarding  agricultural  benefits 
came  from  individuals  and  agencies  in  San  .Joaquin,  Marin  and  Napa 
Counties.  Marin  County  expressed  some  concern  regarding  high  appli- 
cation rates  and  indicated  that  redu'-’d  application  rates  would  allow 
additional  agricultural  acreage  t<»  be  benefited.  There  were  several 
suggestions,  including  one  from  Napa  County,  that  a demonstration 
project  or  "pilot  plant"  sliould  precede  any  decision  for  tlie  imple- 
mentation of  tlie  land  appl. cation  concept. 

140.  The  final  phase  of  the  •^■jblic  involvement  program  consisted 
of  the  wide  distribution  of  a public  Information  brochure  in 
December  1973.  The  brochure  higlilighted  the  results  of  the  Corps' 
study  and  presented  iniormation  on  land  application  concepts  for 
the  consideration  of  the  St.ite  of  California  in  its  comprehensive 
water  quality  planning  program.  Comments  on  the  public  inform- 
ation brochure  have  been  provided  to  the  State  of  California  and 
are  Included  in  a separate  appendix. 
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l••INAI.  WASTKWA'nCR  MANACKMKNT  ALTERNATIVES 


INTROnUCTION 

141.  The  objective  of  Ihe  public  involvement  program  was  to  provide 
a framework  t)y  wliich  the  public  could  actively  participate  in  the 
study  effort.  The  public  meetings  not  only  provided  the  opportunity 
to  keep  the  area's  residents  informed  of  the  study's  scope  and  status 
but  at. so  to  obtain  their  reaction  to  various  alternatives  being  de- 
veloped. As  a result  of  tlie  publi  ■ m<>etlngs  and  workshop  sessions, 
valuable  information  was  obtained  bv  the  C.orps  of  Engineers  to  de- 
velop final  wastewater  management  alternatives  which  reflected,  as 
much  as  possible,  the  desires  of  the  public.  Also,  as  comments  from 
the  public  were  being  evaluated,  the  data  used  to  develop  the  initial 
technical  alternatives  were  finalized  and  updated  based  on  more  recent 
in  format  ion. 

142.  .Several  important  areas  of  consideration  developed  as  a result 

of  the  September  1972  public  meetings.  Various  comments  and  suggestions 
from  interested  agencies  and  the  pub llc-at -large  were  used  in  revising 
the  alternatives.  For  instance,  it  was  recommended  that  additional 
emi>hasls  be  placed  on  the  first  phases  of  the  various  subregional  plans 
being  completed  within  the  ‘^an  Francisco  Bay  Area  by  various  engineering 
consulting  firms  working  for  the  cities  in  the  study  area  and  that  the 
Corps'  wastewater  management  alternatives  be  more  closely  aligned  with 
the  State's  Interim  Basin  Plans. 

14'3.  Two  Important  considerations  also  presented  at  the  public  meet- 
ings involved  Sites  27  and  2K.  The  II. S.  Geological  Survey  noted  tliat 
Site  28  was  located  in  .an  area  of  San  Mateo  County  considered  to  be 
susceptible  to  landslide  deposits.  This  information  was  used  in  re- 
fining the  usable  land  acreage  in  Site  28.  As  a result.  Site  28 
was  reduced  from  an  initial  114,800  acres  to  14,000  acres. 

144.  l.ocal  Interests  in  the  .Monterey  County  area  objected  to  the  use 
of  Site  27  for  the  treatment  of  wastewater  originating  from  outside 
their  area.  Due  to  their  insistence  that  Site  27  not  be  used  as  a 
primary  land  application  area,  the  site  was  used  only  as  a possible 
add-on  site  to  tlie  basic  alternatives.  The  site  w.as  retained  to  provide 
flexibility  and  additional  options  for  dischargers  in  the  southern  pitr- 

t ion  of  the  st\idy  area  and  to  permit  evaluation  of  the  concept  of  Inter- 
h.isln  transfer  of  wastc'water. 

145.  Another  importan*  aspect  of  alternative  development  presented  at 
the  public  meetings  was  tliat  of  lossible  staging  effects.  Generally, 

»t  was  suggested  that  such  a *' i gh  .erti.irv  level  of  treatment  for  the 
w.istewater  being  directly  d isi  n.nj'ed  t<’  surface  waterways  might  not 

be  required.  If  this  were  tlie  cast',  it  would  then  be  possible  to 
reduce  the  level  of  treatment  required  for  the  year  2000  with  the 
ultimate  goal  of  providing  the  full  tertiary  level  of  treatment  for 
the  year  2020.  It  was  suggested  that  an  intermediate-level  alternative 
be  developed  to  accommodate  a lower  degree  of  treatment.  This  concept 
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was  utilized  as  final  alternatives  were  developed.  With  such  svstenis, 
lower  dei»rees  of  treatment  were  proposed  and  receiving  water  quality 
conditions  were  held  to  projected  1975  levels.  These  treatment  sys- 
tems would  be  used  prior  to  the  use  of  a full  tertiary  treatment  sys- 
tem such  that  a staging  of  the  levels  of  treatment  would  be  developed 
from  the  Base  Condition  through  a conceptual  year  2020  Master  Plan. 

14b.  As  a final  comment,  it  was  noted  that  the  wastew.ater  being 
collected  by  underdrains  in  each  land  site  would  be  of  a high  quality 
and  could  have  numerous  reuse  potentials.  Various  reuse  opportunities 
were  investigated  for  the  utilization  of  this  reclaimed  water  as  the 
final  alternatives  were  developed. 

'IF.VTSrOM  OF  DESTCN  DATA 

Municipal  Wastewater  Flows  and  Constituents 

147.  The  final  municipal  wastewater  flow  data  did  not  sigiil f leant  1 v 
change  from  the  initial  data  used.  After  an  analysis  was  made  of  pro- 
jected municipal  flows  from  the  completed  local  subregional  reports, 
it  was  ascertained  that  the  initial  data  would  be  satisfactory.  The 
wastewater  constituent  data  used  initially  was,  however,  changed.  The 
basis  for  changing  these  data  was  the  completed  subregional  reports. 

These  reports  furnished  current  data  on  municipal  flows  and  constituents. 
Table  b presented  earlier  summarizes  the  finalized  municipal  wastewater 
flows.  Final  municipal  wastewater  constituent  loadings  by  county  are 
presented  in  Table  14. 

Industrial  Wastewater  Flows  and  Constituents 

148.  The  initial  Industrial  wastewater  data  were  based  primarily  on 
the  U.S.  Army  Corps  of  Kngineers'  Permit  Program.  From  an  overall 
conceptual  viewpoint,  the  initial  projection  of  data  did  not  take  into 
consideration  such  items  as  economic  and  production  projections  or  in- 
dustrial output.  In  most  regional  studies,  projections  are  based  on 
population,  employment,  and  Income  estimates.  The  final  industrial 
flow  and  constituent  data  were  based  on  these  essential  items.  Tlie 
Corps  contracted  with  the  Lawrence  Berkeley  Laboratory  for  the  development 
of  such  data  based  on  established  industrial  statistical  averages. 

149.  The  emphasis  on  regional  water  planning  has  resulted  in  various 
planning  regions  being  designated  and  data  developed  for  these  areas  which 
present  population  pro 'sections  along  with  estimates  of  earnings  for  various 
major  Industrial  sectors.  The  method  used  was  to  relate  water  and  wastes 
to  industrial  output  once  employment  and  earnings  data  had  been  furnished. 
The  !'..S.  Bureau  of  Census  provided  data  on  water  use  bv  manufacturing 

nc'usfles  for  the  nation  and  for  various  national  industrial  water-use 
regions.  Tliese  data  were  used  to  develop  a base  year  (1967)  growtli  rate 
situation.  From  this  base  year,  employment  projections  by  county  were 
developed  and  related  to  wastewater  flows  through  projected  product ivl tv 
tor  each  Industry.  Factors  were  developed  to  account  for  advances  In 
uturo  process  technologies  and  recycling  of  both  cooling  and  process 
w;t  ter. 
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TABLE  14 


I'KO.IECTED 

FINAL  MUNICTPAI 

. WASTEWATER  CONSTITUENT  LOAD! 

INGS  1, 

COUNTY 

CONST 

ITU ENTS 

(mg/1 ) 

BOU 

TN 

TP 

CHM 

TOS 

A1  .'imi'd.i 

209 

35 

14 

2.2 

700 

Contra  Costa 

230 

40 

11 

2.2 

700 

Ma  r i n 

240 

30 

14 

1.6 

700 

Napa 

270 

35 

15 

2.0 

700 

Sacramento 

275 

35 

14 

1.9 

700 

San  Erancisco 

245 

35 

14 

2.5 

700 

San  Joac[uin 

280 

35 

14 

1.1 

700 

San  Mateo 

275 

35 

14 

2.2 

700 

Santa  Clara 

272 

35 

14 

2.5 

700 

Solano 

274 

35 

15 

1 .9 

700 

Sonoma 

280 

35 

14 

1.9 

700 

Yolo 

270 

35 

14 

2.0 

700 

l_l  B.ised  on  year  2000  wastewater  flows. 
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150.  A total  of  eight  Industrial  water-use  strategies  were  then  devel- 
oped to  account  for  various  years  when  the  advances  in  technology  and 
recycling  would  occur.  From  an  anaylsls  of  these  data,  a selected 
situation  could  be  formulated  which  would  represent  the  most  probable 
condition  expected  to  occur.  The  following  strategics  were  developed 
and  analyzed. 

a.  Strategy  Number  1 - To  obtain  the  maximum  protected  water 

use  values,  it  was  assumed  that  future  water  intake  and  wastewater  flows 
W('uld  be  based  on  current  data  and  information.  It  was  further  assumed 
that  there  would  be  no  additional  recycling  of  water  or  general  improve- 
ments in  the  technology  of  water  reuse, 

b.  Strategy  Number  2 - (Process  Water)  It  was  assumed  that  by 
1975  a 50  percent  improvement  toward  the  maximum  possible  level  of  re- 
cycling of  process  water  would  be  achieved  in  all  industries  and  by 
1985  the  maximum  possible  recycling  of  process  water  would  he  reached 
in  all  industries.  It  also  was  assumed  that  by  1985  a new  Improved 
technology  for  process  water  would  be  Implemented  in  all  industries. 

The  cooling  water  systems  were  assumed  to  remain  unaffected  by  improve- 
ments in  recycling  or  new  technology. 

c.  Strategy  Number  3 - (Cooling  Water)  It  was  assumed  that  by 
1975  a 50  percent  improvement  toward  the  maximum  possible  level  of  re- 
cycling of  cooling  water  would  be  achieved  in  all  industries  and  by 
1985  the  maximum  possible  recycling  of  cooling  water  would  be  reached 
in  all  industries.  It  was  assumed  that  by  1985  a new  improved  tech- 
nology for  cooling  waters  would  be  implemented  in  all  Industries.  The 
process  water  streams  were  assumed  to  remain  unaffected  by  improvements 
in  recycling  or  new  technology. 

d.  Strategy  Number  A - (Process  and  Cooling  Water)  It  was 
assumed  that  by  1975  a 50  percent  Improvement  toward  the  m.ixlmum 
possible  level  of  recycling  of  process  and  cooling  water  would  be 
achieved  in  all  Industries  and  by  1985  the  maximum  possible  recycling 
of  process  and  cooling  water  would  be  reached  in  all  industries.  It 
also  was  assumed  that  bv  1985  a new  improved  technology  for  process 
and  cooling  water  would  be  implemented  in  all  industries. 

e.  Strategy  Number  4A  - (Process  and  Cooling  Water)  It  was 
assumed  that  by  1975  a 25  percent  improvement  toward  the  maximum  pos- 
sible level  of  recycling  of  process  and  cooling  water  would  be  achieved 
in  all  Industries.  This  value  would  gradually  be  increased  to  38 
percent  by  1980,  50  percent  Improvement  by  1985,  and  a maximum  level 

of  recycling  would  be  achieved  in  1990.  It  was  also  assumed  that  bv 
1985  a new  improved  technology  for  process  and  cooling  water  would  be 
implemented  in  all  industries. 

f.  Strategy  Number  4B  - (Process  and  Cooling  Water)  It  was 
assumed  that  by  1985  a 50  percent  improvement  toward  the  maximum  pos- 
sible level  of  recycling  of  process  and  cooling  water  would  be  achieved 
in  ill!  industries.  This  value  would  gradu.ally  be  Increased  to  75  per- 
cent Improvement  by  2000  and  the  m.iximum  level  of  recycling  would  be 


.ichU'vt'd  in  2010.  It  was  also  assnmoil  that  by  2000  a new  improved 
teclinology  for  process  and  cooling  water  would  be  implemented  in  all 
indust  r ies . 

g.  Strategy  Number  4C  - (Process  and  Cooling  Water)  It  was 
assumed  that  by  1985  a 50  percent  Improvement  toward  tlie  maximum  pos- 
sible level  of  recycling  of  process  and  cooling  water  would  be  achieved 
in  all  industries  and  by  2000  the  maximum  possible  recycling  of  process 
and  cooling  water  would  be  achieved  in  all  industries.  It  was  also 
assumed  that  by  2020  a new  Improved  technology  for  process  and  cooling 
water  would  be  implemented  in  all  industries. 

h.  Strategy  Number  5 - To  provide  a lower  bound  to  the  possible 
level  ot  water  use  in  the  more  immediate  future,  it  was  assumed  that 
the  maximum  level  of  recycling  and  new  technology  for  both  process  and 
cooling  water  would  be  instituted  in  all  industries  by  1975. 

151.  I'o  provide  for  a probable  situation  which  may  occur  due  to  recent 
technological  advancements  and  envi ronratui ta 1 legislation,  a combination 
encompassing  industrial  water  use  strategies  4,  4A  and  4B  was  selected 
for  projection  purposes.  Also,  due  to  the  low  concentration  of  antic- 
ipated waste  constituents  in  cooling  water  and  the  probability  of 
maximum  reuse,  cooling  water  from  Contra  Costa  County  industries  was 
removed  from  the  discharge  flow.  As  a result.  Table  15  summarizes  the 
projected  industrial  wastewater  discharge  flows  based  on  the  following 
St  rategies : 


a . 

1975  - 

Based 

on 

Strategy 

4A 

b. 

2000  - 

Based 

on 

Strategy 

4B 

c . 

2020  - 

Based 

on 

Strategy 

4 

152.  Estimates  of  the  gross  Industrial  waste  loads  for  the  period 
1970  to  2020  were  based  on  the  assumption  that  the  amount  of  waste 
now  generated  (1970)  per  constant  dollar  would  remain  reasonably  con- 
stant in  the  future.  Projections  for  the  period  1970  to  2020  for 
each  county  were  developed.  It  is  important  that  the  results  reported 
be  interpreted  and  applied  witli  the  understanding  t hat  they  represent 
gross  waste  loadings.  Based  on  trends  evi<lenced  in  recent  environmental 
legislation,  these  gross  waste  loadings  must  he  reduced  prior  to  dis- 
charge into  any  regionalized  system.  It  has  been  assumed  tliat  industries 
would  be  required  to  reduce  waste  constituent  loadings  by  65  percent 
in  1975  and  90  percent  by  2000  through  various  incustrial  treatment 
methods.  These  assumed  reductions  represent  projected  lower  limits 
of  treatment  which  Industry,  as  a whole,  may  have  tc  attain  prior  to 
discharge.  Lower  limit.s  were  assumed  for  the  purpose  of  providing  an 
unlavorable  situation  which  a combined  municipal-industrial  system  must 
care  for  in  assuring  proper  treatment  of  all  wastewater.  In  th.ts 
manner,  each  final  alternative  to  be  developed  would  provide  acceptable 
treatment  for  the  total  mun i clpa I - Indust r i al  flow  under  conditions  less 
than  optimal.  This  provides  a built-in  safety  factor. 
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TABLE  15 


PROJECTED  INDUSTRIAL  WASTEWATER  FLOWS 


FLOW/YFJ\R  (MOD) 


COUNTi- 

I'IJS 

2000 

2020 

Alameda 

26.5 

34.3 

50  .6 

Contra  Costa 

134.1 

174.5 

258.0 

Marin 

1 .4 

3.8 

8.9 

Napa 

16.3 

28.4 

44 . 6 

Sacramento 

15.5 

20.5 

29.3 

San  Francisco 

4.8 

6.6 

9.8 

San  Joaquin 

21.0 

24.5 

33.6 

San  Mateo 

14.8 

25.7 

39.6 

Santa  Clara 

21 .0 

30.1 

41.7 

So  1 eno 

7.4 

8.2 

11.0 

Sonoma 

5.0 

7.6 

10.7 

Yolo 

9.9 

10.4 

13.5 

lotal 

277.7 

374.6 

551.3 

H2 


153.  With  both  municipal  and  industrial  flows  formulated,  it  is 
tlien  possible  to  develop  the  total  flows  not  only  by  counties  but  also 
tor  eacli  major  wastewater  source.  The  finalized  municipal  and  indus- 
trial flows  and  constituent  loadings  used  are  reported  in  Table  16 
and  Table  17,  respectively. 

I.an d Ava liability 

154.  The  initial  data  used  for  each  potential  land  application  site 
were  preliminary  in  nature  and  were  being  refined  by  a consulting  engi- 
neering firm.  Based  on  a detailed  analysis,  including  environmental 
concerns  and  physic.al  conditions,  the  eigiit  selected  land  application 
sites  were  refined  not  only  in  configuration  bu'.  also  in  usable  acreage 
for  vastewater  and  sludge  application.  The  initial  data  for  each  land 
site  were  based  on  a preliminary  engineering  and  environmental  scan, 
llie  finalized  data  were  based  on  detailed  land  site  evaluations. 

155.  As  a result  of  the  revised  data,  certain  preliminary  wastewater 
conveyance  routings  liad  to  be  changed  as  well  as  land  area  treatment 
facilities  relocated.  Also,  detailed  wastewater  application  rates  for 
each  of  tiie  land  application  sites  were  determined.  These  application 
rates,  based  on  soil  structure,  vegetative  cover  and  water  quality  con- 
ditions were  then  used  to  determine  maximum  quantities  of  wastewater 
each  site  would  effectively  treat.  .A  summarization  of  the  finalized 
land  application  data  (usable  arreage  and  maximum  capacity)  are  shown 
In  Table  18. 

Energy 

156.  Data  were  obtained  from  the  literature  to  determine  electrical 
requirements  (total  kilowatt  hours)  for  the  various  treatment  process 
configurations  used  in  this  study.  These  data  follow: 

a.  Physical-chemical  treatment  - 795  kw-hr/day/MG 

b.  Secondary  treatment  - 671  kw-hr/day/MG 

c.  Advanced  treatment  (Type  A)  - 917  kw-hr/day/MG 

d.  Advanced  treatment  (Type  B)  - 1,383  kw-hr/day/MG 

<■  . Advanced  treatment  (Type  C)  - 1 ,247  kw-hr/day/MG 

f.  Tertiary  treatment  - 3,041  kw-lir /day/MG 

g.  Land  treatment  (Type  X)  - 836  kw-hr/day/MG 

h.  I.and  treatmt'nt  ( Tvpe  Y)  - 2,329  kw-hr/day/MG 

These  values  would  approximate  the  total  requirements  for  operation 
of  the  wastewater  treatment  facility.  Included  in  these  values  are 
accessory  equipment  required  at  any  treatment  plant;  l.e.,  pumps.  In- 
strumentation facilities,  aiul  chemical  leed  .systems. 
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TABLE  16 

KTNAl,  MliNICIPAL  AND  INDUSTRIAL  FLOWS 

Fl,OW  (MOD) 


COUNTY 

1975 

2000 

Alameda 

166.1 

219.4 

Contra  Costa 

199.1 

283.2 

Marin 

23.5 

42.2 

Napa 

25.4 

48.7 

Sacramento 

115.2 

169.3 

San  Francisco 

107.9 

114.0 

San  Joaquin 

76.6 

114.2 

San  Mateo 

69.0 

91.0 

Santa  Clara 

160.7 

270.7 

Solano 

31.6 

59.0 

Sonoma 

23.3 

46.1 

Yolo 

25.0 

37.7 

Total 

1,023.3 

1,495.5 

2020 

273.0 

399.2 

61.7 

75.0 

208.0 

124.4 

141. 3 
114.2 

374.0 

112.5 

64.7 

54.5 

2,002.5 


84 


TABI.K  17 


FlNAl.  MUNICIPAL  AND  INDUSTRIAL  CONSTITUKNT 
LOADINGS  (m^;/l)  \J 


Count  y 

BOD 

TN 

TP 

mm 

1DS 

Alameda 

182 

U) 

12 

3.2 

600 

Contra  Costa 

102 

18 

5 

1 . 3 

3 30 

Marin 

219 

27 

1 1 

S.l 

645 

Napa 

1 20 

1 7 

9 

9.9 

382 

Sacramento 

249 

31 

12 

3.1 

625 

San  Francisco 

234 

33 

13 

3.  3 

664 

San  Joaquin 

229 

27 

11 

3.8 

567 

San  Mateo 

202 

26 

11 

3.6 

524 

Santa  Clara 

248 

31 

12 

4.2 

6 30 

Solano 

244 

31 

13 

3.1 

615 

Sonoma 

244 

30 

12 

3.9 

596 

Yolo 

209 

26 

10 

8.6 

526 

y Based  on  year  2000  wastewater  flows. 


TABLE  18 


FINALIZED  LAND  APPLICATION  DATA 


Maximum 

Total  y 

Capacity  1/ 

Usable 

Land  Area 

(MGD) 

Acreage 

28 

64 

14,000 

27 

275 

58,000 

42 

228 

38,000 

43 

2 36 

54,000 

05 

952 

192,000 

04 

15 

3,700 

21 

175 

45,000 

18 

240 

54,000 

TOTAL 

2,185 

459,000 

1/  /Vssumlng  an  application  rate  of  4.5  acre-feet  per  acre  per  year  for 
crops  and  9.0  acre-feet  per  acre  per  year  for  pastures. 

2/  Round. 
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157.  It  was  assumed  ttiat  methane,  a pas  produced  duriiv  sludce 
digestion,  could  be  recovered  and  used  in  place  of  most  natural  I'.as 
requirements  at  the  treatment  plants.  Proper  anaerobic  digestion 
will  produce  a ^as  by-product  with  65  to  70  percent  methane,  25  to 

30  percent  carbon  dioxide,  and  approximately  1 to  50  percent  hydrogen 
sulfide,  nitrogen,  and  hydrogen.  Once  the  Impure  gases  have  been  re- 
moved, methane  can  be  collected  and  used  as  fuel  for  engines  which 
drive  blowers,  compressors  and  pumps;  and  to  provide  heating  of  the 
digester  sludge  and  plant  facilities.  Natural  gas  would  be  necessary 
only  for  start-up  and  emergency  conditions. 

Chemicals 

158.  Various  chemicals  would  be  required  to  support  the  treatment 
plant  operations  and  to  Insure  that  proper  removal  of  constituents 

is  maintained.  Recovery  of  certain  chemicals  (lime  and  carbon)  would 
be  economically  feasible  on  large  capacity  treatment  plants.  Cri- 
teria for  determination  of  the  chemical  requirements  were  obtained  from 
the  literature. 

DEVELOPMENT  AND  DESCRIPTION  OF  FINAL  WASTEWATER  MANACEMENT  ALTERNATIVES 
Development  of  Wastewater  Management  Alternatives 

159.  As  a result  of  the  public  input  and  the  revised  design  data, 
six  final  wastewater  management  alternatives  were  developed  incor- 
porating two  regional  wastewater  management  concepts  (B-Serles  and 
D-Series)  for  the  land  application  of  wastewater  and  sludge.  Under 
the  B-Series  concept  of  alternatives,  wastewater  would  be  treated 

by  a biological  secondary  process  (activated  sludge)  prior  to  trans- 
mission to  a designated  land  area.  No  raw  wastewater  would  be  con- 
veyed to  the  landsites.  Once  the  treated  wastewater  enters  a land 
area,  it  would  undergo  channel  aeration  to  remove  any  septic  odors 
prior  to  storage  in  reservoirs  and  land  application.  Under  the  D- 
Series  concept  of  alternatives,  raw  wastewater  would  be  conveyed  to 
designated  land  areas.  Upon  entrance  into  tlie  site,  the  wastewater 
would  be  treated  in  aeration  lagoons  prior  to  storage  and  spray  ap- 
plication (see  Figure  8). 

160.  The  basic  B-Serles  concept  of  alternatives  retains  most  of 
the  current  investment  in  r«'nvent ional  sewage  treatment  plants  and 
provides  an  initial  level  u treatment  prior  to  conveyance  to  land 
application  areas.  The  D-Serles  concept  of  alternatives,  on  the  other 
liand,  converts  most  of  the  Base  Condition  treatment  plants  to  pumping 
station.s  and  transports  raw  wastewater  to  the  land  areas  for  treatment. 
V.iihin  each  scries  concept  , ’■fiere  .are  three  sep.arate  alternatives  which 

ires's  various  aspects  of  treatment  .ind  conceptual  planning.  In  Alter- 
natives H-1  and  D-1,  ful  .ertiarv  treatment  is  provided  for  water- 
oriented  discharges  prior  to  disposal.  Tlie  B-2  and  D-2  alternatives 
provide  a lower  level  of  tre.itment  * or  wastewater  being  discharged  to 
surface  water  bodies,  as  was  suggested  at  the  public  meetings.  These 
twi'  alternatives,  however,  allow  ci  more  pollutants  to  reach  surface 
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w.iiors  than  were  allowed  bv  the  1'17‘)  Base  Condition  'aeilitles.  Tlie 
H- i and  FI- J alternatives  are  variations  of  tiie  basic  B-)  and  D-J  alter- 
natives. Tiiese  two  systems  propose  and  explore  the  interhasln  trans'er 
ol  wastewater  by  nsins  an  additional  land  site  in  the  Mont erev-San  Benito 
County  area. 

161.  All  alternatives  provide  a complete  regional  system  for  the  dis- 
posal of  the  Region's  sludge  by  land  application  methods.  In  the 
B-Series  concept  of  alternatives,  digested  sludge  from  all  treatment 
plants  enters  land-site  lagoons  where  sludge  is  air  dried  for  two  years 
before  application  to  land.  In  the  D-Series  concept  of  alternatives 
(Figure  8),  sludge  from  the  sedimentation  basins  is  digested  cand  added 
to  storage.  The  sketch  on  page  89  conceptually  shows  these  two  different 
approaches  in  applying  wastewater  and  sludge  to  tlie  land. 

16J.  Also  developed  was  a full  tertiary  treatment  system  which  dis- 
charges treated  effluent  directly  to  surface  waters.  In  developing  this 
system,  the  Corps  of  Engineers  made  no  studies  relative  to  the  need 
for  any  specific  level  of  treatment.  This  is  the  responsibility  o*" 
the  State  of  California.  The  levels  of  treatment  shown  v'ere  assumed 
bv  the  Corps  of  Engineers,  as  discussed  previously.  With  such  a 
configuration,  sludge  could  be  handled  as  previously  discussed  for 
the  B-Series  concept  of  alternatives. 

Development  of  Sludge  Systems 

163.  Most  of  the  wastewater  treatment  processes  used  produce  a solids 
concentration  as  a result  of  chemical  or  biological  reaction  in  the 
treatment  of  sewage.  This  solids  concentration,  termed  sludge,  refers 
to  the  settleable  waste  solids  removed  in  the  treatment  of  wastewater. 
These  Include; 

a.  Screenings  - the  largest  solids  found  in  wastewater  such  as 
rags,  wood,  rocks  and  large  organic  materials. 

b.  Grit  - the  small,  coarse  particles  of  sand,  gravel,  and 
other  minute  pieces  of  mineral  matter:  also  Includes  a variety  of 
items  such  as  coffee  grounds,  seeds,  and  similar  materials  which  are 
not  of  mineral  origin. 

c.  Sklmmlngs  - the  floatable  portion  of  the  sludge  such  as 
oils  and  grease. 

d.  Organic  solid  sludges  - the  suspended  and  larger  colloidal 
organic  waste  solids  from  the  biological  treatment  units. 

e.  Lime  sludges  - produced  by  high-llme  treatment  for  the 
removal  of  phosphates. 

164.  Sludge  must  be  rendered  into  a form  which  is  suitable  tor 
the  method  of  transportation  being  utilized  for  its  transport 
to  a final  disposal  location.  Such  processes  could  consist 

of  thickening,  anaerobic  or  aerobic  digestion,  air-drying  on  sand  beds, 
dewatering  by  centrifuges  or  vacuum  filters,  or  incineration.  Each 
process  will  produce  a sludge  with  a different  composition;  l.e.,  total 
'ids  content,  percent  organic  matter  and  inorganic  c'laracter  ist  ics . 


SPRAY  IRRIGATE  CROPS 


LAND  APPLICATION  SYSTEMS 


Preliminary  sludge  alternatives  were  not  formulated  because  the  wa^.  te- 
watttr  technical  alternatives  were  for  Initial  planning  purposes  witli 
only  limited  data  being  available  on  sludge  transportation  methods  and 
costs  and  the  effects  of  sludge  components  on  the  soil  within  the  land 
treatment  system.  It  was  planned  that  the  sludge  alternatives  would 
be  formulated  during  the  development  of  final  alternatives. 

165.  Within  tlie  Base  Condition  configuration  (1975)  are  various  pro- 
cesses for  the  disposal  of  sludge.  As  with  the  Base  Condition  for 
tlie  treatment  of  wastewater,  these  sludge  treatment  processes  were  used 
as  tiie  starting  point  for  the  development  of  various  tecltnical  sludge 
altemat  ives. 

Ih6.  Based  on  data  presented  in  the  literature,  anaerobic  sludge 
digestion  appears  to  be  one  of  the  principal  metiiods  of  sludge  treat- 
ment for  the  future.  This  is  because  of  the  volume  reduction  achieved 
and  the  production  of  a usable  resource  - methane  gas.  As  a result, 
it  was  assumed  that  at  each  wastewater  treatment  plant  the  first  stage 
in  sludge  treatment  would  be  anaerobic  digestion.  The  next  step  in 
the  development  of  the  sludge  alternatives  was  to  analyze  the  various 
transportation  modes  and  consolidation  configurations  possible  for 
ultimate  disposal.  The  four  basic  modes  of  transportation  considered 
were  truck  haul,  rail  haul,  barge  haul,  and  pipeline  transportation. 

167.  Although  six  wastewater  alternatives  and  a tertiary  treatment 
system  were  developed,  there  was  no  need  to  develop  a separate  system 
for  eacii  configuration  to  handle  the  sludge,  lliere  were  only  minor 
differences  among  several  of  the  configurations.  Consequently,  onlv 
four  sludge  systems  were  developed.  Sludge  System  S-1  (with  minor 
modifications)  can  apply  to  Alternatives  B-1,  B-2,  and  B-3.  System 
S-2  applies  to  both  Alternatives  D-1  and  D-2,  with  minor  changes. 

Systems  S-3  and  S-4  are  unique  in  that  tliey  apply  solely  to  Alternative 
D-3  and  the  full  tertiary  system,  respectively.  Tliesc  sludge  systems 
are  siiown  on  Plates  7,  8 and  9. 

168.  All  of  the  sludge  generated  at  secondary  and  advanced  treatment 
facilities  would  be  digested  at  tlie  plants  and  be  conveyed  to  land  areas 
for  storage  and  land  application.  Sludge  produced  from  the  aerated 
lagoons  at  the  land  application  areas  would  slmilarlv  undergo  digestion 
and  sut)sequent  conditioning  prior  to  being  applied  in  tlie  land  applica- 
tion areas.  Tiie  sludge  systems  use  a combination  of  various  transport 
modes;  rail,  truck,  barge,  and  pipeline.  In  all  cases,  the  sludge 
would  be  transported  in  the  digested  condition  and  undergo  additional 
"conditioning"  at  land  application  areas  before  being  apnlleci  to  the 
land.  The  sludge  systems  were  developed  based  on  social,  environmental 
and  engineering  considerations.  ''  should  be  noted  tiiat  as  PKirc  trans- 
fer modes  are  used  such  as  truck  to  rail  to  barge,  tiie  cost  of  tfie 
system  will  Increase.  However,  based  on  estimates  of  the  quantities 

of  sludge  produced  and  to  be  transported,  transportation  economics  and 
access  to  the  land  application  areas,  several  forms  of  intermodal 
transfers  were  used  In  tlie  development  of  ttie  final  alternatives. 
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Altoniativc  and  S i t <•■  Devf  lopment  I'esi  r i pLions 

Alternative  15-1  - Wastewatei  s would  either  luidrr^to  local  ter- 
tiary treatment  iuui  disclia.ne  to  surface  waterways  or  would  receive 
bloiosical  secondary  treatment  and  he  conveyed  to  seven  land  areas 
tiir  storage  and  siibse(|iient  land  application.  A total  of  h4'>  MGI) 

(f>5  percent  of  the  year  JOOO  Ilow)  would  receive  tertiary  treatment 
.ind  510  MGI)  (J5  percent  of  the  year  2001)  Ilow)  would  he  ap[)lied  to 
the  land  .areas.  I’late  10  depicts  the  conf  igur.it  ion  of  conveyance 
lines  and  wastewater  management  l.aci  lilies  for  Alternative  15- 1 . 

1 1 should  he  noted  that  pl.ates  depicting  the  altem.it  ive  wastewater 

m.anagement  con)  igur.it  ions  _and_  sludge  systems  do  not slu'w  the  revised 

ac.  re. ages  at  land  appl  icat  ion  _s  i_t_es^. t)nly  the  gross  outline  of  the 

initial  land  .application  si  tes  . ire  shown.  Are.as  si  i H able  for  waste'  - 
w.ater  and  sludge  .application  are  shown  on  the  site  development  plates. 

170.  Wastewaters  from  all  sources  in  the  South  San  Francisco  Bay  area 

(550  MGD)  would  he  combined  for  ireatm'Uit  in  five  tertiarv  plants  and 
dlsch.irged  between  Dumbarton  Bridge  and  the  San  Franc i sco-Oakl and  Bay 
Bridge.  There  would  be  two  oce.in  discharges  tot.al  1 i n.',  120  MGD : less 

than  1 .MGI)  in  the  Bol  i n;is-St  i nson  Betnh  area  and  the  lem.ainder  from 
the  San  Francisco  complex.  In  addition,  9 MGI)  from  the  ' 1 i 1 roy-Norgan 
•lill  area  would  be  conveyed  to  the  Pacific  Ocean  via  loc.al  streams.  In 
Central  San  Francisco  Ray  between  tlie  Ray  Bridge  .and  the  Garquinez 
Strait  Bridge,  lb7  MGI)  would  be  discharged  at  three  tertiary  facil- 
ities. There  would  be  no  discharge  between  the  Garquinez  Strait  Bridge 
.and  Chipps  Island.  Approximately  99  MGI)  of  tertiary  effluent  would 

be  discharged  in  the  Delta  east  of  Ghipps  Island.  Wastewaters  from 
the  Livermore  Valley  area  would  receive  tertiary  treatment  and  be 
discharged  to  a local  iiuanmade  l.ike  in  Uoolan  Canyon.  Wastewater 
constituents  discharged  to  the  various  waster  f|u,ilitv  zones  under 
this  alternative  are  shown  in  Table  19. 

171.  Wastew.iters  from  northern  Sonoma  and  most  of  .N'.ipa  Counties 
would  be  treated  in  local  biological  secondary  tre.itment  plants 
prior  to  conveyance  to  Site  21  for  land  application.  Wastewaters 
from  southern  and  ci-ntral  Sonoma  County  and  all  of  .'I.irin  Countv, 
less  the  Bol inas-St Inson  Beach  area,  wouhl  be  conveyed  to  Site  18. 

Land  Site  4 would  receive  tre.ited  wastew.iter  1 rom  the  Fairlield- 
Travis  AFB  area.  The  flow  1 rotn  northern  Sc’lano,  Yolo,  .and  northern 
Sacramento  Counties  would  be  conveyed  to  Site  5.  Southern  San 
Jua(|uin  County  would  utilize  Site  41  while  e.isteni  Contra  iTista  Countv 
and  the  city  of  Benicia  would  use  Site  42.  The  westt>rn  portion  of 
San  Mateo  County  would  convey  its  tre.ited  wasiewatt  *-  re  Site  28. 

172.  Site  develi’pmi'nt  details  ari‘  discussed  below  lor  the  land  treatment 
of  wasti-water  at  the  seven  application  sites.  Land  .ipplicatlon  dvila, 
including  waste  quantities  .ind  iiuijor  .icre.ige  requirements  by  site, 

are  shown  in  Table  20.  Tol.il  land  requirements  in  the  vicinity  ot 
the  landsltes  are  about  150,500  acri's. 


91 


LAND  APPLICATION  DATA  - ALTKRNATIVE 
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I.  Wastewater  discharged  to  Site  4 would  recc  ive  secondarv 
triMtnent  at  tlie  Kairtleld  facility  and  then  would  he  pumped  to  .i 
oflsiie  storage  reservoir  in  the  I’otrero  Hills.  Plate  11  sliows  r!u’ 
wastewater  reservoir  location,  tlie  main  distribution  pipeline,  and 
the  area  to  be  lrrip,ated.  The  onlv  area  suitable  for  crops  within 
this  site  is  north  of  Grizzly  Sloiu’li  and  the  wastewater,  approximately 
lb  '■IGD,  would  be  applied  there.  Sludp.e  would  not  be  applied  at  this 
site  due  to  the  limited  dry  land  available  for  application.  A total 
ol  1 , / 00  acres  would  be  used  at  this  lands ite  for  wastewater  appl i<'at ion  . 

b.  Site  5 is  located  In  the  northeastern  portion  ot  Yolo  County 
(includliiR  the  southern  tip  of  Colusa  County)  and  would  receive  approx- 
inate!’,  218  MfiD  of  secondary  effluent  from  treatment  facilities  in 

-ac  rariKMito , Yolo,  and  part  of  Solano  Counties.  Plate  12  shows  the 
three  on.site  wastewater  storape  reservoirs,  the  one  sludpe  lauoonin" 
area,  the  main  distribution  pipelines,  and  the  actual  areas  to  be  irri- 
^;ated.  The  land  application  areas  were  selected  as  close  to  the 
reservoirs  as  economicallv  practical.  The  crop  area  north  and  east 
ot  the  reservoirs  was  used  since  a minimum  of  pumping  would  be  required 
'or  tiie  distribution  system.  The  pastureland  north  and  west  of  the 
•I'servolrs  was  used  since  it  provided  the  most  economical  distribution 
svstem  and  minimum  land  cost.  A total  of  75,100  acres  (39  percent  of 
the  total  suitable  acreage)  would  be  used  at  this  site  for  the  land 
.ipplication  of  wastewater  and  sludge. 

c.  Site  18  in  southwestern  Sonoma  and  northwestern  .Marin  Counties, 
would  receive  about  81  MOD  of  secondary  effluent.  Plate  13  shows  the 
•our  proposed  wastewater  reservoirs,  the  three  sludge  lagoons,  the  main 
distribution  pipelines,  and  the  actual  areas  to  be  irrigated.  Two 

o‘'  the  wastewater  reservoirs  would  be  small  in  size  because  they 
receive  the  flow  from  small  isolated  communities.  One  reservoir  and 
one  sludge  lagoon  are  situated  east  of  the  site.  A total  of  19,000 
acres  (35  percent  of  the  total  suitable  acreage)  would  be  used  at 
this  site  for  the  land  application  of  wastewater  and  sludge. 

d.  Site  21,  see  Plate  14,  is  located  in  northeastern  Sonoma 
County  and  would  receive  approximately  55  MGD  of  treated  effluent 
from  several  locations.  A total  of  three  wastewater  and  three  sludge 
lagoons  would  be  required.  One  sludge  lagoon  is  located  east  of  the 
site.  The  wastewater  disposal  areas  were  selected  as  close  to  each 
reservoir  as  possible.  For  Reservoir  R21B  the  cropland  adjacent  to 

the  reservoir  would  be  used  since  this  would  provide  the  most  economical 
distribution  system.  The  pastureland  immediately  north  of  Reservoir 
R21C  would  not  have  sufficient  capacity  for  all  the  wastewater  from 
that  reservoir.  Additional  area  would  be  required  and  the  pasture  area 
further  north  was  selected.  The  most  economical  land  apnlication  area 
for  the  wastewater  from  Reservoir  R21D  would  be  the  cropland  adjacent 
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1 1'  lli>;liw,jv  101.  A total  of  14,  100  acres  ( 12  perciMit  ot  the  total  suit- 
able acreage)  Wioilcl  be  used  at  tliis  site  tor  the  laud  api)  1 icat  ion  oi 
w.istewater  <ind  slud>;e. 

e.  The  secondary  treatment  plant  at  Halt  .'■loon  hay  in  San  .M.iteo 
i'oiuitv  would  dischar>;e  its  eftluent  to  Site  28.  The  effluent,  about 

t ive  MGO,  would  be  pumped  to  one  onsite  ri'servoir  (see  Plate  15) 
in  the  northwestern  portion  of  the  area.  The  pasture  adjacent  to  the 
reservoir  and  east  ot  Highway  1 was  selected  for  wastewater  disposal 
bi‘Cause  it  was  closest  to  the  reservoir.  A total  of  1,040  acres 
(7.5  percent  of  the  total  suitable  acreage)  would  be  used  at  this 
site  for  the  land  application  of  wastewater  and  sludge. 

f.  U'a s tew.a t e r from  the  Central  Contra  Costa  County  facility 
w'ould  be  pumped  to  one  onsite  reservoir  at  Site  42.  Plate  lb  shows 
site  development  features.  Hie  sludge  lagoon  lies  north  of  the  site. 
Since  the  land  adjacent  to  the  reservoir  would  provide  for  the  most 
economical  distribution  system,  it  was  the  first  to  be  selected  for 
wastewater  disposal.  This  area  was  not  sufficient  to  dispose  of  the 
total  effluent.  Therefore,  the  pastiireland  south  and  west  of  hyron 
was  selected.  This  l.ind  was  used  because  it  would  be  more  economical 
to  irrigate  than  Che  narrow  valleys  that  extend  into  the  hills.  .Also, 
since  pastureland  has  a higher  application  rate  and  lower  cost  than 
does  cropland,  less  acreage  would  be  required.  A total  of  23,660  acres 
(63  percent  of  the  total  suitable  acreage)  would  be  used  at  this  site 
for  the  land  application  of  wastewater  and  sludge. 

g.  The  secondary  treatment  plants  at  Mantei  a and  Tracy  would 
discharge  to  two  reservoirs  located  at  Site  43  in  San  Joaquin  County, 
-because  natural  reservoir  areas  within  the  site  are  limited,  one  of 
the  wastewater  reservoirs  and  one  sludge  lagoon  would  be  located  out 
of  the  site  location.  Plate  17  siiows  the  reservoir  locations  for 
wastewater  and  sludge,  disposal  areas,  and  the  main  distribution 
pipelines  tor  the  18  MCD  of  wastewater  to  be  applied.  The  cropland 
adjacent  to  each  of  tlie  reservoirs  would  be  used  for  w.istewater  ap- 
plication. A total  of  8.390  acres  (16  percent  of  ttie  suitable  acreage) 
would  be  used  at  this  site  for  the  land  application  of  wastewater  and 

s ludge . 

173.  .Sludge  lagoons  would  be  located  near  the  wastewater  storage 
reservoirs  in  order  to  minimize  maintenance  crew  travel  time.  The 
sludge  application  sites  would  be  located  in  relatively  flat  areas 
tliat  could  be  easily  disc  harri>wed.  In  developing  the  site  layout, 
the  wastewater  application  area  was  located  nearest  the  wastewater 
reservoir  to  minimize  pipt  and  pumping  costs.  Since  there  can  be 
no  wastewater  applied  to  an  are.i  that  will  receive  sludge,  the  sludge 
application  area  was  located  . utside  the  wastewater  application  area. 
This  would  provide  a saristactorv  economica',  arrangement  since  sludge 
application  requires  no  fixed  distribution  system.  I’lates  11  through 
17  show  the  sludge  application  areas  within  each  land  site. 
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174.  'ludge  Systi'm  S-1  (si't?  Plate  7)  would  be  <ipp  1 leab  1 e for  waste- 
water  Alternatives  B-1 , B-7  and  R-1.  Sludge  from  the  San  Matt'o  coastal 
secondary  plant  (SMO'>)  would  be  trucked  to  Site  28.  Sludge  from 

01 1 roy-.'-lorgan  Hill  would  be  trucked  to  San  lose.  A rail  liiu  terminating 
at  the  S.in  Francisco  Soutlieast  Plant  would  pick  up  all  of  the  sludge 
produced  at  the  facilitii-s  north  of  San  Jose.  Additionally,  sludge 
from  the  .North  San  Mateo  County  plant  would  be  trucked  to  the  Lake 
Merced  facility  and  the  tot.il  sludge  would  be  piped  to  the  Southeast 
lacili'^v.  Sludge  produced  ilong  the  Last  ilay  (Including  Livermore 
Vallev’l  would  he  transportcil  bv  truck  to  San  Leandro  and  then  by  rail 
111  the  Richmond  facilitv  to  be  joined  by  a rail  line  from  San  Pablo. 

\ b.ii'ije  would  then  collect  the  slmlge  from  both  the  Southeast  and  Richmond 
t.icilities  .ind  transport  it  to  an  unlo.uling  facilitv  near  Sacramento. 

Here  tite  sludge  would  be  unloaded  ind  'ransported  by  rail  line  to 
Silt  ' . 

175.  A rail  line  would  originati-  in  Central  Marin  and  would  pick  up 
sludge  along  the  way,  transporting  it  to  Site  18.  ‘.lodge  from  small 
cnnuiiuni  t ies  in  Sonoma  .and  M;irin  Counties  would  be  t ruckid  to  Site  18. 

I7b.  Sludge  from  the  Napa  Valley  would  be  transported  by  r.til  to 
Cal  is  toga  and  trucked  to  Site  21.  Sm.il  ler  communities  ne.ar  Site  21 
would  truck  sludge  directly  to  the  l.ind  area.  Sludge  from  the 
Fairfield  area  would  be  trucked  to  tin-  N.ap.i  Valley  rail  lim-  originat- 
ing at  Vallejo. 

177.  Sludge  from  Central  Contra  Costa  County  would  be  raili'd  and 
tnu'ked  to  Site  42.  Sludge  from  the  facilities  in  S.in  Joaquin  County 
would  i>e  trucked  to  Site  4'5. 

178.  A r.iil  line  would  transport  sludgi-  from  the  Sacramento  area 

.ind  from  the  barge  unloading  facility  to  Site  5.  Communities  in  Solano, 
S.acramento,  and  Yolo  Counties  would  truck  sludge  to  the  rail  line  or 
truck  diiectly  to  Site  5. 

179.  Alternative  H-2  - Except  for  the  degree  of  treatment  that  would 
l)i‘  requiri-d  for  discharges  to  waterways,  A1  tern.it  1 ve  B-2  (Plate  18) 

is  identic.al  to  Alternative  B-1  (see  Pl.ite  10).  L.istewater  qu.intities 
.in  the  i..ime.  A total  of  ^4S  Mtdl  (bS  percent  of  tlie  vear  2000  flow) 
would  rei  eive  advanced  treatment  and  ^10  MCI)  (l'>  pi'rci  nt  ot  the  year 
.’000  flow)  would  be  applied  to  tlie  land.  'nie  criteria  for  the  degree 
of  tri-atim-nt  in  tliis  alternative  was  applied  to  all  unit  processes 
alter  secondary  treatment  so  that  the  total  emissions  of  Individual 
constituents  discharged  to  each  wati’r  quality  zone  would  not  exceed 
tile  quantity  discharged  under  the  Base  Condition.  All  discharges  In 
eai  h ztine  would  be  required  to  h.ive  Identical  treatmert  Jevels.  L'sing 
tills  criteria,  disch.irges  to  the  Pacific  Ocean,  ‘out  • B.i\  , .ind  Central 
B.iy  would  receive  secondary  tri'aCment  followed  by  dual  m«'dia  filtration. 

In  tlie  Delta,  secondary  treatment  plus  80  percent  plio.-.pln  rus  removal 
and  ni  t rl  1 1 1 at  ion  and  denitrification  would  be  required.  W.istewater 
constituents  discharged  to  the  various  water  qu.ility  zoiu  under  this 
alternative  are  suiranarized  in  Table  21. 
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Constltuenrs  reported  in  1,000  Ibs/day. 


150.  The  sllld^',^■  l.i)',onns  tor  this  .il  lernat  i ve  would  he  in  the  s.in. 
lei  , It  ion  .ind  h.ive  the  same  operation  and  maintenanii  . ens  i de  i a i . 

e.  those  in  .M  1 1' rn.i  l i ve  11-1.  Also,  the  sludge  applied  ion  site*-  ould 
■main  the  ‘..ime  .is  in  Alieniative  B-l.  The  lanil  are.)  required  ! r 
iiulgi’  l.igoons  .ind  ,ipp  1 i e.i  t i on  would  he  reduced  slightlv  since,  nee  iiise 
o!  the  lower  degri'e  of  ire.itment,  smaller  quantities  of  sludge  will  he 
nroduced.  ‘M.ites  11  through  17  also  show  site  development  features  for 
this  alternative.  Ti’tal  laiul  requirements  in  the  vicinity  of  the  land- 
si  te.s  .ire  .ihout  t'iS,AOO  .lores. 

151.  A 1 1 ern.i  t i ve  B-l  - This  alternative  (see  Plate  19)  is  .another 
v.iri.it  ion  ol  Mternative  B-l.  Wastewater  I rom  San  .lose,  .‘•'ilpitas,  and 
Alviso  would  receive  secondary  treatment  .'it  the  San  lose  Plant  prior 
to  i-onvey.ince  to  Site  27.  :ei.'iidary  effluent  from  the  Gi  1 roy-Morgan 
lill  lacility  would  also  he  conveyed  to  Site  27.  Ye.ir  20t)0  flows  for 
thes.i  disch.irges  .iri'  1S7  'IGD.  \ total  of  758  MGD  (51  percent  of  the 
ve.ir  2000  flow)  wou'd  receive  tertiary  treatment  and  597  MCiO  (49  per- 
cent ot  the  year  200''  flow)  would  he  .ipplied  to  l.ind.  Wastewater  con- 

.tltuents  disch.irged  to  the  various  water  quali'v  /.ones  are  summarized 
fable  22. 

l'S2.  Except  for  the  addition  of  Site  27,  land  application  areas 
wouli!  remain  the  same  as  in  Alternative  B-l,  Two  reservoirs  would 
he  used  to  Store  the  additional  187  MGD.  Capacity  in  Site  27  would 

;ilso  .iccommodate  all  of  the  orolected  flows  in  the  Monterey,  Salinas,  j 

inta  Cruz  complex  fo'"  the  year  2000,  Plate  20  snows  the  location 
ot  the  t wci  reservoirs  (one  of  which  is  offsite),  the  are.i  t ('  be 
irrigated,  and  the  ra.iin  distribution  pipelines.  ,\s  with  the  other 

si^^es,  the  land  nearest  the  reservciirs  would  be  most  economical  to  ' 

irrigate.  The  pasture  land  in  the  northwestern  portion  of  the  site 
would  be  used  for  wastewater  from  Reservoir  R27C.  "Hie  pastureland 
in  the  southeastern  portion  of  the  area  would  be  utilized  for  waste- 
water  from  Reservoir  R271).  However,  this  area  would  not  have  suf- 
ficient capacltv  for  the  total  volume  of  effluent.  Therefore,  the 
cropland  adiacent  to  the  pasture  area  would  be  used.  A total  of 
37,970  .acres  (55  percent  of  the  total  suitahle  acreagi')  would  be  used 
in  Site  27  for  w.'istewater  application.  Total  land  requirements  for 
this  alternative  in  the  vicinity  of  the  eight  Lands!  t>-,i  .ire  about 
19  5,000  .acres. 

18  3.  Till'  sludge  transport  , it  ion , treatment,  and  application  systems 
‘or  this  alternative  would  he  identical  to  those  of  Alternative  13-1. 

Even  though  the  wastewatei  from  San  .lose  and  Morgan  Ilill-Gllroy 
ti'ilities  would  go  to  Site  27,  the  sludge  produced  it  these  plants 
would  still  go  to  Site  5 as  in  Alternative  B-l. 

■-H4.  Alternative  D-1  - In  this  alternative  (see  Pl.-’to  21)  wastewaters 
Would  either  ri  elve  tertiary  treatment  and  he  di.scharged  to  local 
waterways  or  be  conveyed  from  local  sources  to  land  areas  where  they 
would  receive  the  equivalent  of  secondary  treatment  in  onsite  aeration 
lagoons  prior  to  storage  and  application  on  the  land.  Base  Condition 
treatment  facilities  not  used  in  connection  with  dispos.il  to  water 
bodies  would  be  converteil  to  pump  stations. 
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Constituents  reported  In  1,000  Ibs/day. 


WASTtWATtR  MANAGEMENT  STUD'r 
site:  UKVKLOPMhM 


PLATE  21  A 


STOCKTON 


I 


1H5.  An  in  the  B- 1 alternative,  all  wastewaters  in  the  S(>uth  Bay 
(5S0  MC.h)  would  receive  tertiary  treatment  at  five  facilities  and  be 
discharged  between  Dumbarton  Bridge  and  the  San  Krancisco-Oakland 
Bay  Bridge.  Approximately  129  M(’.D  would  bo  discharged  to  the  Pacific 
Ocean  after  tertiary  treatment,  120  MOD  from  the  San  Francisco  area, 
less  than  1 MOD  from  Bol inas-St inson  Beach,  9 MOD  • rom  the  Gilroy- 
Morgan  Hill  area  wtiich  would  reach  tlie  Pacific  Ocean  via  I lagas  Creek 
and  the  Pajaro  Rivi'r.  These  subsystems  are  identical  to  Alternative 
B-1  . 


18b.  A major  difference  between  Alternatives  B-1  and  D-1  is  that 
in  D-1  there  would  be  no  discharge  to  Central  Bay  and  only  2 MOD  dis- 
charged in  the  Del'a  from  three  tertiary  plants  at  lslet(>n,  Rio  Vista, 
and  h'alnut  Grove.  A total  of  681  *10D  (47  percent  of  the  year  2000  flow) 
would  be  discharged  to  water  after  tertiary  treatment  compared  to  945  MOD 
in  Alternative  B-1.  Wastewater  constituents  discharged  to  the  various 
water  quality  zones  are  summarized  in  Table  23. 

187.  M('re  wastewater  would  be  directed  to  the  land  areas  in  this  alter- 
native than  in  Alternative  B-1  (510  MOD).  Site  18  would  receive  81  MOD 
'rc^m  Marin  County  (except  the  Bol inas-Stinson  Beach  area)  and  central 

and  southern  Sonoma  County.  Site  4 would  receive  15  MOD  from  the  Fairfield- 
Suisun-'’ravis  AFB  area.  Site  5 would  receive  218  MOD  from  Sacramento,  Yolo, 
and  Sol  mo  Counties.  Site  28  would  receive  5 MOD  from  S.in  Mateo  County 
coastal  communities.  All  of  these  subsystems  are  identical  in 
con f igurat ion  to  Alternative  B-1. 

188.  The  other  land  areas  would  be  more  intensely  used  than  in 
Alternative  B-1  (although  as  in  B-1,  Site  27  would  be  excluded). 

Site  21  usage  would  be  Increased  from  55  MOD  in  B-1  to  80  MOD  in 
D-1.  ,Tu-  additional  25  MOD  would  come  from  Che  Vallejo-Mare  Island- 
Atneriian  Canyon  area.  l.and  area  21  would  then  handle  all  of  the 
wastewater  from  northern  Sonoma  County,  the  entire  Napa  Valley  and 
thi  Vallejo  area.  Use  of  Site  42  would  increase  from  118  .MOD  to 
259  MOD.  This  comprises  all  of  the  wastewaters  in  Contr.i  Costa 
County  (with  tlie  exception  ('f  30  MtiD  to  he  reused  locally)  and  also 
includes  the  Benicia  area.  All  of  San  .Joaquin  County's  w.istewaters 
(plus  Flk  Orove),  115  MOD,  would  be  conveyed  to  Site  43  for  treatment 
and  land  .ippl icat ion . A total  of  773  MOD  (53  percent  of  the  year 
2000  llc)wf  would  be  applied  to  the  land  under  this  al  tern.it  Ive. 

189.  Site  development  details  are  discussed  belott  for  the  land  treat- 
ment of  wastewater  <it  the  seven  apnllc.it  ion  sires.  hand  .ipplication 

di't  . including  waste  quantities  and  major  .acreage  requirements  bv  site, 

.a*e  shown  in  Table  24.  Tota'  lanii  requirements  in  the  vicinity  of  the 
SI  veP  1 I'dsites  .ire  about  213,211*'  .icres. 

a.  Raw  sewage  destined  for  Site  4 would  be  pumped  from  the 
Fa i rf ield-Trav is  AFB  area  to  aeration  lagoons  near  the  Potroro  Hills. 

The  treated  effluent  would  then  he  conveyed  to  a reservoir  located  ad- 
jacent to  the  aeration  lagoons.  Plate  22  shows  the  aeration  lagoons, 
the  storage  reservoir,  the  main  distribution  pipeline,  and  the  application 
area.  Sludge  would  not  be  applied  at  this  site.  A total  of  3,700  .acres 
would  1)0  used  at  this  landslle  for  wastewater  application. 
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Constiti'ent  Is  less  than  50  Ibs/day. 
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]J  Excludes  reuse  reservoirs  but  includes  aeration  lagoons. 
2/  Includes  storage  at  offsite  facilities. 

3/  Some  totals  rounded. 


ARfA  SUITABLE  FOR  WASTEWATER 
application  and  POTENTIAL  COVER  TYPE 


CROPS 


PASTURE 


At  r.il.  Lou  l..i^oon 


KfStT  vti  i r R 


LEGEND 


CONVEY ANCK  FACIEITII.S 


ARIJ\  PROPOSE!)  FOR  WASTEWATER 
/U'lM.ICAl  ION 

AREA  PROPOSED  FOR  SI.UIM.E  Al'PE  H.Ai  ION 


S*N  iPANCISCO  PAY  AND 
SACAAMINTO  SAN  JOAQUIN  OEITA 


AASTIWATtP  MANAGEMfNT  STUDY 


SHF  DEVEEOPMENl 
SI  I E 4 

AEIEKNA FIVES  D- I , D-J 


PHsCEDIlO  PATii  BUTTK-NCT  flUl.'.r 


t>.  Site  5 would  receive  .ind  treat  in  aeration  la-oons  approx- 
imately 218  MGD  ol  raw  sewaye  prii'r  to  conveyance  ti  the  three  small 
onsite  wastewater  reservoirs  used  in  Alternative  B-1.  'Mate  23  shows 
thi  ai'pl  ie.at  ion  areas  for  wastewater  and  sludge,  the  reservoir  1 ica- 
tiiMis,  and  the  nutin  distribution  pipelines  as  well  as  the  location  of 
' h»’  at-rat  ion  and  sludge  lat;oon.'..  The  wastewater  and  sludge  application 
ir»-as  are  generally  the  same  as  wo\ild  he  vised  in  Alternativi  B-1.  A 
tc'tal  ot  70,300  acres  (37  percent  of  the  total  suitable  acreage)  would 
he  used  .it  this  site  for  the  land  application  of  wastewater  and  sludge. 

c.  Site  18  (see  IM.ite  24)  wo" ' d receive  and  treat  tipproximately 
SI  MOD  of  raw  sewage  in  .leration  la-oons.  Kffiuent  would  then  be  con- 
veyed to  storage  reservoirs.  The  same  site  development  configuration 
used  in  Alternative  B-1  (Plate  13)  is  also  used  under  thii  alternative. 

A total  of  10,000  acres  (15  percent  of  the  total  suit.ihle  acretige)  would 
he  usei!  at  this  site  for  the  land  application  of  wastew.ater  and  sludge. 

d.  Site  21  would  receive  approximately  80  MCI)  o'"  r.aw  sewage  from 
sever.il  locations.  This  is  about  25  MOD  more  than  under  Alternative 
B-1.  ;'hc  raw  sewage  would  undergo  secondary  t n atment  in  aeration 
lagoc'ns  iU‘ar  the  reservoir  sites  before  being  stored.  Plate  25  shows 
the  site  development  facilities  used  in  this  alternative.  Additional 
crop  .and  pasturelands  north  of  Reservoir  R21B  would  be  required  to 
properly  apply  the  additional  25  MGD  over  Alternative  B-1.  A tot.il  of 
20,200  acres  (44  percent  of  the  total  suitable  acreage)  would  be  used 
at  this  site  for  the  land  application  (>f  w.istewater  .nul  sludge. 

e.  Plate  26  shows  the  reservoir  location,  application  areas, 
the  main  distribution  pipelines  and  other  details  for  Site  28.  The 
configuration  used  is  the  same  as  that  in  Alternative  B-1  except 
raw  sewage  (5  M(ID)  will  he  treated  in  aeration  l.igoons  located  near 
the  reservoir.  A total  of  1,040  acres  (7.5  [lercent  of  the  total 
suitable  acreage)  would  be  use<l  at  this  site  for  tlie  land  application 
of  wastewater  .and  sludge. 

f.  Sewage  from  all  sources  in  Contra  Costa  County  except  )0 
.MOD  which  would  he  reused  loc.illy  would  be  pumped  to  Site  42.  The 
reservoir  site  selected  was  in  l.one  Tree  Valley.  The  necessary 
capacity  would  be  obtained  by  placing  a dam  .across  the  entrance  of 

the  valley  and  building  saddle  dams  along  the  ridge  around  the  vallev. 
Tlie  .aeration  lagt'ons  would  be  located  just  north  of  the  reservoir  to 
treat  the  expected  259  MCI)  (290,000  acre-feet/year)  of  raw  sewage. 

Plate  27  shows  the  site  development  con t i gura t ion  for  tliis  site.  The 
land  proposed  for  sludge  .ipp ! icat  ion  would  .amount  to  9,100  acres. 

This  land  would  not  be  used  "’or  was'ewater  application.  In  order 
to  util-'ze  the  remaining  are.,  'o  tie  m.iximum  degree  possible,  most 
potential  cropl.ands  would  be  converted  to  a pasture  cover  which  allows 
a higher  application  rate.  Not  all  croplands  would  be  converted  to 
pasture  as  this  would  be  too  disruptive  on  existing  agricultural 
practices.  Even  with  tlie  proposed  vegetative  cover  changes,  there 
is  not  suificlent  capacity  within  the  site  to  take  all  of  the  flow. 

The  remaining  wastewater  (68,b00  .acre-1  »*et /year)  would  be  conveyed 
to  sit»-  4 1.  A tot.al  of  25, 000  .icre>:  would  be  used  at  this  site  for 
th>-  l.in<‘  .ipp  1 1 c.T  t I on  of  wastewater. 
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siTK  di:vkloi’mi:nt 


Resi-rvoir 


WASTEWATER  MANAGEMENT  STUDY 


v;.  Scwa^f,  approximately  ll‘>  VCI),  from  San  .loaqiiin  County  as 
well  as  that  from  Cal'  in  Sacramento  Countv,  wi'uld  hi-  [lomped  to  one 
of  two  aeration  lagoons  at  Site  4).  Plate  2S  shows  'hi'  site  develop- 
ruMit  configuration.  'st  the  entite  site  would  he  utilized  for 

wastewater  appl Icat i<  The  land  areas  in  the  southwestern  portion 

of  the  site  wttuld  be  used  for  the  wastewater  pumped  from  Site  42. 

This  area  consists  of  cropland  and  a small  portion  of  pastureland 
north  of  the  t.rant  Tine  (hanal  and  east  of  Tracy  Road.  A total  of 
47.800  acres  (89  percent  of  the  total  suitable  acreage)  would  be  used 
at  this  site  for  tin-  land  application  of  wastewater  and  sludge. 

190.  Sludge  lagoons  would  be  located  near  the  land  treatment  facil- 
ties  in  order  to  allow  pumping  of  the  digested  sludge  directly  to 

the  drying  lagoons.  Relatively  flat  areas  are  required  for  these 
lagoons  to  maintain  the  shallow  depth  required.  The  site  development 
rruips  for  this  alternative  (Plates  22  through  28)  show  the  locations 
o*^  the  lagoons  and  application  areas  at  each  site. 

191.  Sludge  System  S-2  (see  Plate  8)  would  be  applicable  to  Alter- 
native D-1.  System  S-2  is  very  similar  to  System  S-1.  The  rail  line 

! rom  San  .lose  to  San  Francisco  would  be  used  for  sludge  generated  along 
the  west  side  of  the  bay,  as  well  as  for  Cilroy-Morgan  Hill  sludge 
which  would  be  trucked  to  San  lose.  The  Fast  Bay  concept,  combining 
truck  and  rail,  would  terminate  at  tfakland.  Sludge  from  water-oriented 
disposal  facilities  in  San  M.ateo  and  San  Francisco  Counties  would  be 
transported  to  the  San  Francisco  Southeast  Plant.  The  barge  would 
pick  up  sludge  at  San  Francisco  and  Oakland  and  unload  it  near  Sacramento, 
where  it  would  be  transported  hv  rail  an<l  then  truck  to  Site  5. 

192.  A Napa  Valh’y  rail  line,  starting  at  Napa  and  ending  at 
Calistoga,  would  handle  the  sludge  generated  at  Sice  4.  Sludge 
would  be  trucked  from  Site  4 to  Napa  and  from  Calistoga  to  Site  21. 

The  Bel inas-St inson  Beach  area  would  truck  sludge  directly  to  Site  18. 

191.  A truck  wiHild  be  used  to  convey  sludge  from  the  Contra  Costa 
tertiary  facility  (CCOS)  to  site  42.  The  three  small  tertiarv 
plants  at  Rio  Vista,  Isleti'ti,  and  Walnut  Crove  w'ould  truck  their  sludge 
to  Site  43. 

194.  All  other  wastewater  sources  would  be  conveying  raw  wastewater 
to  land  areas  for  aeration  lagoon  treatment  where  sludge  would  be 

r -moved  from  the  sedimentation  basins,  digested,  stored  and  trucked 
wifi;  n rhi-  sites  to  thi  prop-'-ied  sludge  application  areas. 

195.  Mternative  0-2  - itils  altem.;tlve  (see  Plate  2*^)  is  a modifica- 

ti  ' '■  A't'*mafive  '-1  using  a lower  degree  of  -.reatment  for  f.acilities 

di-  i-'ging  to  -air'ac.  water  bodies-.  Alterna  ive  '-2  is  no  different  tliap 

Alti  ii.iiive  D- 1 witf;  iospe>.t  to  i|u.intitles  of  effluent  conveyed  to  various 
wat-  ' quality  zones  '■  r land  areas.  A total  of  bHi  MCI)  (47  percent  of  the 
'■eat  200f)  fl<iw)  would  receive  advanced  treatment  and  77  1 MCI)  (51  percent 
of  till*  vear  2000  flow)  would  tie  applied  to  the  lain!.  As  in  Alternatlvi' 
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Dflt.i,  '^ot'ondarv  r ifitnuMit  would  ln>  adequate  tor  tin-  thrc<-  minor  ilis- 
v'liai  ’.OS.  The  w.i.slowator  oi.st  i I ueiit  s discharRod  to  the  virl(ius  water 
qual'tv  .’ones  .ire  surmnar  i zed  in  Table  2'i. 

Tills  .ilteiiiative  u'-es  SliidRe  System  S-2  as  did  .Mteriiative  D-l  . 
The  sludi'e  layoons  tor  this  alternative  wouiil  he  in  the  s.ime  physical 
location  .and  h.ave  the  same  oper.it  ion  .and  mainten.ince  considerations 
IS  those  in  Al  tern.it  Ive  D-'.  Also,  t'le  sludRe  application  .ireas  would 
rem.iin  the  s.ime  .is  in  Alternative  D-l.  Smaller  qu.intities  of  sludge 
would  hi’  produced  .as  .a  result  oi  the  lower  decree  of  tre.atment  provided 
w.i  t er -or  i ent  eil  disidiarges.  Consequent  Iv,  the  l.ind  area  required  for 
sludite  .ippl  lc.it  ii'n  would  he  reiiuced  sliRutl'’.  The  sluilce  lagoon  sites 
and  .ipp  ic.ation  .are.as  .are  shown  in  Pl.ates  22  through  2K.  Total  land 
ri-qu  i rei 'ents  in  tlu’  vicinitv  of  the  seven  l.andsites  are  about  212,000 

li-  re>-  . 


s'.  Alternative  ')->  - This  al  t I’rn.at  ive  (sei>  Plate  30)  is  another 
viri.it  ion  of  Altern.itive  D-l.  The  w.astew.ater  from  San  .lose,  Milpitas, 
a. id  .\lvit- (178  MOD)  would  he  pumped  to  the  C,i  1 roy-Morg.in  Hill  area 
(h  MilD)  were  r.aw  sew.age  would  be  treated  in  aeration  lagoons.  This 
w.istew.iter  would  then  be  conveyed  to  Site  27.  Except  for  the  use  of 
■•ite  27  (’with  corresponding  higher  waste  flows  to  land  and  local  sludge 
ippl  i.  at  ion)  this  alternative  is  similar  to  Altern.itive  D-l.  Ouantlties 
of  wastewater  discharged  to  the  ocean  'would  he  reduced  from  129  to  120 
MttD  iiiil  to  South  Bay  from  550  MOD  to  372  MOD  as  compared  to  .Alternative 
D-l.  A total  of  494  MOD  (34  percent  of  the  year  2000  flow)  would  receive 
terti.arv  treatment  and  960  MOD  (66  percent  of  the  year  2000  flow)  would 
be  applied  to  the  land.  The  wastewater  constituents  discharged  to  the 
various  w.iter  qu.ility  zones  are  summarized  in  Tanle  26. 

198.  Plate  31  shows  the  location  of  the  reservoirs,  the  land  application 
areas,  the  main  distribution  pipelines  and  other  site  development 
features  for  Site  27.  As  witii  the  other  sites,  the  land  nearest  the 
reservoirs  would  he  most  economical  to  Irrigate.  The  same  lanti  areas 
would  be  irrig.ated  witli  wastewater  under  this  alternative  as  were  in 
Alternative  B-).  A total  o’'  43.8DO  acres  (76  percent  of  the  total 
suitable  .acreage)  would  be  used  in  this  site  for  the  l.and  application 

ol  w.astew.ater  and  sludge. 

199.  ■’’he  sludv’e  t ransport  .a  r Lon  . tre.at’aent,  .and  application  systems 
lor  ^hl^.  a’tern.at  ve  would  le  similar  to  those  o'"  .Alternative  D-l 
except  ‘or  t le  .addition  ol  Site  27.  Sludge  to  he  anplied  in  this 

area  'would  be  stored  in  sludge  l.aeoons  located  ne.ar  the  aeration  lagoons. 

The  sltidge  would  he  placi’  ilong  Cahilan  Creek  .and  north  of  Camp  McC.allnm. 

200.  Sludge  Svstem  S- 3 fsee  Plate  8)  Is  for  Alternative  D-3  and  is 
i.fentical  to  Svstem  S-2  wiiii  two  configuration  exceptions.  The  rail 

ine  I rom  San  .lose  t ('  Sunnvv.ale  would  not  be  utilized  and  Morgan  Mil  l-Ci  1 rov 
•would  'U't  truck  its  s[ud'’e  to  San  lose.  .Also,  site  qu.antitles  diffir. 


■,STBn'ATF.P.  cons  1 ITI'KN'T  DISCHAPGF  Sl'M?'ARY 


Constituent  Is  less  r'lm  50  Ibs/day. 


i'latt  nunbt-ri.  in  >;riJ  rt-tt-r  to  Conveyance  Ri'ut 
ii;  Appendix  .. 
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Aer.it.  i in  i.,i^oon 


Tlu'se  ch.in>>es  are  Jiie  1 1'  tile  D-  5 alternative  In  wlticli  the  raw  waste- 
waters  t rom  San  Jose  and  Morgan  II i 1 1 -d i 1 roy  are  ronveved  to  Site  2 7 
tor  treatment  and  land  application. 

201.  Tertiary  Treatment  System  - This  system  (see  Plate  J2)  uses  a 
full  tertiary-  level  treatment  for  all  discharges.  It  was  developed 
chiefly  to  provide  a cost  comparison  to  the  other  systems  and  to 
depict  how  tile  sludge  from  such  a systi’m  coulo  be  ultimately  disposed 
of  by  land  application.  In  the  South  bay,  550  MOD  would  he  discharged 
from  b tertiary  facilities.  Approximati'ly  165  MGD  (from  12  facilities) 
would  be  discharged  to  the  ocean.  I'his  includes  San  Francisco,  the 
San  Mateo  Coastal  communities,  Bol inas-St inson  beach-Inverness 

the  inland  discharges  in  Sonoma  County  in  tlie  Russian  River  Basin, 
and  the  Morgan  liill-Gilroy  area  which  discharges  to  tlie  ocean  via  the 
Pajaro  River.  Central  bay  would  receive  271  MCI)  (from  5 facilities) 
from  Treasure  Island,  western  Contra  Costa  County,  northern  Marin  and 
southern  Sonoma  Counties,  central  Marin  County  and  Napa  Valley. 

About  147  MGD  would  be  discharged  into  Carquinez  Strait  from  central 
and  eastern  Contra  Costa  County  and  from  most  of  Solano  County. 
Additionally  two  disctiarges.  Esparto  and  Winters,  were  summed  in 
this  zone.  There  would  be  7 discharges  to  the  Delta  totalling  321 
MGD;  Woodland,  Sacramento  Region,  Stockton  area,  southern  San  Joaquin 
County,  and  the  three  small  discharges  at  Rio  Vista,  Isleton  and 
Walnut  Grove.  Local  reuse  facilities  in-Livermore  Valley  and  Contra 
Costa  County  account  for  42  MGD. 

202.  Under  this  system,  no  land  sites  would  be  required  for  the 
application  of  wastewater.  Tlie  wastewater  constituents  discharged 
to  the  various  water  quality  zones  are  summarized  in  Table  27. 

This  system  uses  a total  of  47,000  acres  (10  percent  of  the  total 
suitable  land)  fcr  the  land  application  of  sludge  at  five  sites. 

203.  All  sludge  produced  at  the  tertiary  treatment  facilities  would 
be  transported  to  land  application  sites  for  final  disposal.  Land 
application  sites  used  would  contain  sludge  lagoons  and  an  application 
area  for  the  disposal  of  the  sludge.  The  use  of  each  site  with  this 
svstem  is  as  follows: 

a.  Site  4 - Not  used. 

b.  Site  5 - About  40,000  acres  would  be  used  in  the  same  general 
ar«*a  that  sludge  was  applied  in  the  b-Series  and  D-Serles  alternatives. 

c.  Site  18  - Only  a small  portion  of  the  suitable  land  would 
be  utilized;  about  2,600  acres  along  Americano  Creek  in  the  northern 
portion  of  the  land  site. 

d.  Site  21  - Only  a small  portion  of  land  (150  acres)  in  the 
southwestern  portion  of  the  land  site  would  be  used. 


e.  Site  27  - Not  used. 


STOCKTON 


SAN  FMANCISCO  tAV  AND  SACNAMfNTO 
SAN  JOAQUIN  OCLTA 
WASTEWATEN  MANAGEMENT  $TuOY 

TERTIARY  TREATMENT  SYSTEM 


WASTKWATF.R  CONSTITUKNT  niSOlARCK  Si;MM.\RY 
Tertlarv  Treat  TitTit  System 
(Discharge  to  Surface  Waters) 
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mii.iil  portion  of  the  land 


Site  iJ  - Nt't  used. 


sout  :■ 
Ian,;. 


h.  Site  - Sludge  would  he  applied 
^entr.il  port  ion  of  I'nion  l.sland  which 


to  3,600  acres  In  the 
consists  mainly  of  pasiure- 


20-t.  Detailed  development  schemes  to  be  used  for  these  landsites 
are  shown  on  C-9H  throuvh  i-102  in  Appendix  C. 


206.  Sludge  System  S-4  (se.'  J’late  9)  was  developed  for  the  tertiary 
tieatment  system.  Sludgi  rom  the  Half  Moon  Bay  facility  in  San  “lateo 
(ountv  would  he  trucked  to  Site  28.  The  rail  line  from  San  Jose  to  San 
i'r.incisco  would  he  used  for  the  west  side  Bay  dischargers.  Morgan  Hill- 
ilrov  would  truck  sludge  to  San  Jose.  Livermore  Valley  would  truck 
its  sludge  to  San  I.e.imiro  wliere  a r.i  i 1 line  would  start,  terminating  at 
'■■'ichmond,  picking  up  sludge  from  Oakland.  Sludge  from  Vallejo,  Central 
(ontra  Costa  County,  and  Benicia  would  be  trucked  to  a rail  line  along 
the  north  Contra  Costa  shore,  also  terminating  at  Richmond.  North  San 
Mateo  County  would  truck  its  sludge  to  San  Francisco  and  the  Lake  Merced 
facility  would  pipe  its  sludge  to  the  barge  facility  at  the  Southeast 
Plant.  A barge  system  would  transport  sludge  from  San  Francisco  and 
Richmond  to  the  Sacrtimento  unloading  facility  where  it  would  go  to 
■ite  6 by  pipeline.  A rail  line  in  Marin  County  would  pick  up  sludge 
; rom  ILunilton  .Air  Force  Base  and  terminate  at  Sebastopol  where  the  sludge 
would  be  trucked  into  Site  18.  Sludge  from  small  communities  in  Marin 
and  Sonoma  would  be  trucked  directly  to  Sites  18  and  21.  Sludge  from  the 
two  San  Joaquin  fe^cilities  and  tht'  three  small  dischargers  at  Rio  Vista, 
Islefon,  and  Walnut  Grove  would  be  trucked  to  Site  43.  Slucige  generated 
at  the  facilities  in  Yolo  and  Sacramento  Counties  would  be  trucked  or 
railed  into  Site  5. 


JASTKWATER  RECIAMATION  OPPORTI^NITIES 
Int  roduct ion 

206.  In  the  living  filter  concept,  secondary  treated  wastewaters 
would  be  applied  to  land  areas  as  irrigation  water.  This,  in  itself, 
onstitutes  a reuse  ol  wastewaters.  During  the  Initial  wastewater 
apolication  phasf*.  all  tin*  water  tliat  percolates  below  the  vegetative 
root  /one  will  reach  the  groundwater  table.  Additional  reuse  poten- 
*i  il  .liso  exists  since  some  of  the  applied  water  would  be  recollected 
in  underdrain  systims  and  would  available  for  additional  reuse 
• ■net  'Ml*  groundwater  'able  .is  been  built  up.  It  sliould  be  noted, 
i'owever,  that  basica.Iy  only  th»  ropped  land  areas  would  be  under- 
drained and,  except  for  ce’^taln  p'rtlons  of  Sites  42  and  43  in  the 
t)-Serles  of  alternatives,  pastui*  areas  would  not  be  underdrained. 
Cropiied  lands  an-  geuer.illv  flat  ind  can  be  easily  underdrained. 

Pas  t 'ire  1 ands  are  gem  r.illv  - -i  ,•  terrain  which  cannot  be  under- 
drained  without  exce'.sive  cost. 


207.  As  previously  stated,  the  w.iter  collected  in  iiiwu  riir.iiiv  would 
be  available  for  further  reuse  opportunities.  The  word  "turther” 
should  be  emphasized  since  the-  treated  wastewaters  h.ive  .il  ready  under 
p.one  one  reuse  as  irrigation  water  on  the  land  .ireas  . At  flie  saru- 
time  water  Is  being  used  by  the  plants,  constituents  are  being  re- 
moved by  the  soil-plant  system.  In  this  sense  the  livMij'  filter  Is 

a unique  treatment  unit  since  wastewater  is  being  rc-novated  at  the 
same  time  It  Is  being  reused.  Table  28  shows  the  quantities  of 
water  expected  to  be  recollected  in  the  underdralns  for  >-euse  at 
the  year  2000  level  o'  development.  These  quantities  are  based 
on  the  assumptions  that  the  groundwater  table  has  been  built  up  to 
the  level  of  the  ixnderdrains  and  that  the  underdralns  are  90  per- 
cent efficient.  Recollected  waters  would  be  available  for  a variety 
of  beneficial  purposes  such  as  flow  augmentation,  agricultural 
irrigation,  recreational  lakes,  industrial  cooling,  and  groundwater 
recharge  as  shown  on  the  sketch  on  page  • . 

208.  Recollected  water  could  be  tised  not  only  to  meet  future  local 
deficiencies  but  could  also  serve  as  a local  substitute  water  source 
iior  example,  irrigation)  allowing  localities  eitlier  t-i  decrease  thei 
requirements  for  present  supplies  or  use  existing  water  supplies  for 
other  purposes. 

209.  By  the  year  2000  other  potential  opportunities,  not  considered 
in  detail  today,  could  become  desirable,  .-in  exampl--  of  thi.s  is  the 
current  interest  in  artificial  recreation.il  l.ikcs  created  from  re- 
claimed wastewater.  Tliirtv  vears  ago  the  demand  for  this  reuse  oppor 
tunlty  was  virtually  non-existent.  Similarly,  in  twenty  or  thirty 
vear.s  time  the  demand  for  water  supplies  could  ea.silv  encompass  con- 
cepts totally  unknown  to  planners  today. 

Quality  Considerations 

210.  i)uallty  considerations  at  the  landsltes  for  both  applied  waste- 
water  and  water  percolating  below  the  root  zone  arc  shown  in  Table  29 
'fualltv  levels  for  applied  wastewater  represent  .in  .wer.age  of  aerated 
lagoon  and  activated  sludge  effluents  with  additional  constituent 
removal  as  a result  of  .stor.age  in  the  w.i.stewater  holding  reservoirs. 

211.  Secondary-level  wa.stewati-r  effluent  applied  to  crop  and  pasture 
lands  would  be  satisfactory  for  norm.il  irrig.ation  purpose.s  except  for 
use  on  truck  crops  which  could  be  eaten  r.iw.  As  discussed  later, 
additional  measures  are  available  (at  addition;'!  co«'t>  to  avoid  this 
except  ion . 


T/\BLK  28 

F.XPFXTKD  VOLirMK  OF  RF.COLLECTF.D  WATER  AVAILABLE  FOR  REUSE 
YEAR  2000  - ACRE-FEET  PER  YEAR 


Land  : 

Alternat ive 

Art' a : 

B-1 

B-1 

D-l 

D-2 

D-3 

8,000 

8,000 

8,000 

8,000 

8,000 

8,000 

5 

69,000 

69,000 

69 ,000 

69 ,000 

69  ,000 

69,000 

18 

9,700 

9,700 

9,700 

9,700 

9,700 

9,700 

J1 

6,900 

6,900 

6,900 

16,500 

16,500 

16,500 

27 

0 

0 

19,700 

0 

0 

19,700 

28 

0 

0 

0 

0 

0 

0 

A2 

22,200 

22,200 

22,200 

37,300 

37,300 

37,300 

43 

10,000 

10,000 

10,000 

91,300 

91,300 

91,300 

TOTAL 


125,800  125,800  IAS, 500  231,800  231,800  251,500 
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AGRICULTURE  AND 
GROUNDWATER  RECHARGE 

REUSE  ALTERNATIVES 


I’arameter 

; '.Miality  of 

Water  (mg/l) 

Applied  ; 

; I’ercol.at  i ng  Below  Root  Zone 

BOD 

20 

1 - 2 

ISS 

20 

1 - 2 

TN 

17 

1 - 9* 

TP 

8 

0.1  - 0.2 

IDS 

550 

600  - 1,100 

GHM 

1 

0.01 

BORON 

0.3  - 1 .0 

0.2  - 0.7 

UACTERIO- 

1.00 1 CAT 

Depends  on  Crop 

Tyi'e  and  Disinfection 

NONE 

*Essent ially 

all  nitrogen  is  in  the  nitrate  form. 

212.  Water  percolating  below  the  root  zone  should  be  of  satlsfactorv 
fjuality  for  groundwater  recharge,  flow  augmentation,  agriculture,  rec- 
reational lakes,  and  Industrial  cooling.  System  design  indicates  that 
percolating  waters  will  meet  public  health  standards  with  respect  to 
ni'-i.ite  nitrogen.  For  cropped  areas  it  is  expected  that  nitrogen 
will  be  in  the  1-3  mg/1  range.  In  pasture  areas  nitrogen  concentrations 
of  less  than  10  mg/1  are  expected.  These  values  are  based  on  crops 
and  pasture  grasses  removing  150  and  200  pounds  of  nitrogen  per  acre 
per  .ear,  respectively.  Except  for  nitrogen  and  salinity,  there  is 
Mttle  difference  in  the  quality  of  percolating  water  at  cropped  sites 
compared  with  pasture  sites.  Salinity  is  site  dependent,  gov«-med  bv 
local  differences  in  precipitation  and  evapotransplrat ion  rates.  'he 
salinity  of  percolating  waters  is  expected  to  range  between  600  and 
1,100  mg/1  (600  to  1,100  at  cropped  sites  and  800  to  1,100  at  pastured 
sites).  Waters  of  this  quality  .are  still  usable  ^or  a variety  of 
^lue'iclal  nurpo.ses. 

Icuse  Alternatives 

211  f:  ty  reuse  alternatives  were  selected  for  initial  consider.ation . 
l.ab'e  KJ  shows  these  reuse  alternatives  and  the  quantity  of  reclaimed 
w.iter  whicli  would  be  available  bv  the  year  2000.  : should  be  noted 

‘-hat  keii-;e  Alternatives  2 , 8,  17,  25,  37,  41  , and  4 3 (which  envision 
'ov  .lug'ient  at  ion  to  local  streams)  would  not  require  additional 
nil  it  lib  since  wastewater  could  flow  to  local  waterways  by  gravity. 

Iv  use  /iltertiat  Ives  1,  45  and  47  Involving  flow  augmentation  at  land 
'*es  4 and  43  would  require  pumps  and  pipelines. 
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TABLE  30 


WASTEWATER  MANAGEMEN'r 
REUSE  ALTERNATIV?;S 


Reuse 
Alt  . 
No. 

Land 
Site  , , 

& 

Description  of  Reuse  Alternative 

Recollection 
Quantity-Year  2000 
Acre  Feet/Year 

1 

★ 

4BD 

Flow  Augmentation  to  Sulsun  Marsh 

8,000 

2 

M 

5BD 

Flow  Augmentation  to  Sacramento  River 

69,000 

3 

5B0 

Plow  Augmentation  to  Sacramento  River 

69,000 

4 

5BD 

Flow  Augmentation  to  Suisun  Marsh 

69,000 

s 

5BD 

Flow  Augmentation  to  Suisun  Marsh 

69,000 

• 

■k 

5BD 

Industrial  Cooling  at  Site  5 

69 ,000 

; 

A 

5BD 

Irrigation  - Northern  Portion  of  Area 

5 69,000 

H 

A 

18BD 

Flow  Augmentation  to  Local  Stream 

9,700 

A 

18BD 

Flow  Augmentation  to  Petaluma  River 

9,700 

10 

18BO 

Flow  Augmentation  to  Petaluma  River 

9,700 

11 

18BD 

Irrigation  in  Petaluma  Valley 

9,700 

12 

18BU 

Irrigation  in  Sonoma  Valley 

9,700 

1 3 

18BD 

Irrigation  in  Northern  Marin 

9,700 

14 

18BD 

Recreation  at  Chileno  Lake 

9,700 

13 

18BD 

Re  c rear  ion  at  To  lav  Lake 

9,700 

1^ 

A 

IKBl) 

Recreation  at  Chileno  Lake 

9,700 

17 

A 

21  B 

Flow  Augmentation  to  Local  Stream 

6,900 

1« 

A 

21B 

Flow  Augmentation  to  Napa  River 

6,900 

19 

21B 

F’ow  Aiu’inent  at  ion  to  Napa  River 

6,900 

20 

21B 

Irrigation  In  Petaluma  Valley 

6,900 
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TABLE  30  (Cont'd) 


Reuse 
Alt  . 
No . 

Land 
Site 
6.  Alt 

1/ 

Description 

1 of  Reuse  Alternative 

Recollection 
'.luant i ty-Year  2000 
Acre  ’’eet/Year 

21 

21B 

Irrigat ion 

in  Sonoma  Val ley 

6,900 

22 

21B 

Irrigation 

in  Southern  Napa  Valley 

6,900 

23 

21B 

Recreation 

at  Chileno  Lake 

6,900 

24 

21B 

Recreat ion 

at  Tolay  Lake 

6,900 

25 

★ 

21D 

Flow  Augmentation  to  Local  Stream 

16  ,500 

:>6 

A 

21D 

Flow  Augmentation  to  Napa  River 

16,500 

27 

21D 

Flow  Augmentation  to  Napa  River 

16,500 

28 

21D 

Irrigation 

in  Petaluma  Valiev 

16,500 

29 

21D 

Irrigation 

in  Sonoma  Valley 

16  ,500 

50 

21D 

I rrigati on 

in  Southern  Napa  Valley 

16,500 

31 

21D 

Recreation 

at  Chileno  Lake 

16,600 

32 

21D 

Recreation 

at  Tolay  Lake 

16,500 

33 

•k 

18  6. 

21B 

Irrigation 

in  Petaluma  Valley 

16,600 

34 

18  & 

21B 

Rec  reat ion 

at  Chileno  Lake 

16,600 

35 

k 

18  & 

21D 

I rr igat ion 

in  Petaluma  Valley 

26,200 

36 

18  & 

21D 

Rec  reat 1 on 

at  Chileno  Lake 

26,200 

37 

k 

27 

Flow  Augmentat’on  to  Local  Stream. 

19,700 

38 

27 

Flow  Aug.mentat  ion  to  Salinas  Rivet 

19,700 

39 

k 

27 

I rr igat  j on 

at  Castroville 

19,700 

40 

k 

27 

Groundwater 

Recharge  - Easts Ide  Area 

1°  ,7'JO 

41 

k 

42B 

Flow  Augmentation  to  Local  Stream 

22,200 

\2h 


T/VBLF,  30  (Cont'd) 


Reuse 
Alt . 
No. 

Land 
Site 
4 Alt. 

1/ 

Description  of  Reuse  Alternative 

Recollection 
Quantity-Year  2000 
Acre  Feet/Year 

.'*2  * 

42B 

Industr  .il  Cooling  at  Antioch 

22,200 

43  * 

42D 

Flow  Augmentation  to  Local  Stream 

37,300 

44  * 

42D 

Industrial  Cooling  at  Antioch 

37,300 

43  * 

43B 

Flow  Augmentation  to  Local  Stream 

10,000 

46 

43B 

Industrial  Cooling  at  Antioch 

10,000 

47  * 

43D 

Flow  Augmentation  to  Local  Stream 

91,300 

48 

4 3D 

Industrial  Cooling  at  Antioch 

91,300 

49  * 

42  4 

43B 

Industrial  Cooling  at  Antioch 

32,200 

30  * 

42  4 

4 3D 

Industrial  Cooling  at  Antioch 

128,600 

]./  ”B"  refers  to  Alternatives  B-1,  B-2,  and  B-3. 
"D"  refers  to  Alternatives  D-1,  0-2,  and  D-3 
except  for  Area  27  which  is  in  Alternative  B-3 
and  D-3  only. 

* Selected  for  additional  study. 


214.  Following  preliminary  screening,  twenty-five  oi  tiie  reuse 
alternatives  (as  indicated  on  Table  30)  were  selected  for  further 
study.  Those  twenty-five  reuse  alternatives  selected  for  additional 
study  are  delineated  on  Plate  33  and  are  described  as  follows: 

a.  Reuse  Alternative  1 - Tills  alternative  involves  collecting 
the  water  from  the  subdrains  .at  Site  4 and  pumping  it  into  Suisun 
Marsh  for  flow  augmentation. 

b.  Reuse  Alternatives  2,  8,  17,  25,  37,  41,  and  43  - These 
alternatives  Involve  flow  augmentation  to  local  streams  and  therefore 
have  no  additional  pumps  or  pi[ielines.  Since  no  new  facilities  are 
required,  no  additional  cost  is  involved. 

c.  Reuse  Alternatives  6 and  7 - In  these  alternatives  the  re- 
collected water  from  Site  5 would  be  pumped  to  a reservoir  on  Bird 
Creek.  In  Alternative  6,  water  from  the  reservoir  would  be  used 

for  future  industrial  cooling  near  the  site.  In  Alternative  7,  water 
would  be  pumped  to  the  northern  portion  of  Site  5 and  would  be  used 
for  irrigation. 

d.  Reuse  Alternative  9 - In  this  alternative  the  reclaimed 
water  would  be  collected  at  two  points  near  the  croplands  in  Site 
18.  From  these  points  it  would  be  pumped  to  the  headwaters  of 
tributaries  to  the  Petaluma  River  for  flow  augmentation. 

e.  Reuse  Alternative  16  - The  recollected  water  from  the 
southern  portion  of  Site  18  would  be  collected  and  pumped  to 
Chileno  hake.  This  reservoir  site  was  proposed  as  a recreational 
lake  created  from  reclaimed  wastewater  in  the  1972  North  Marin  - 
South  Sonoma  Subregionai  Water  Quality  Management  program.  Hie 
dam  proposed  in  that  report  would  be  raised  to  provide  tlie  capacity 
for  additional  watei.  This  would  provide  for  a larger  surface 
area  and  hence  greater  recreational  benefits. 

f.  Reuse  Alternative  18  - This  alternative  collects  and  con- 
veys recollected  water  from  the  southern  crop  area  in  Site  21  for  the 
B-series  of  wastewater  alternatives.  This  water  would  he  collected 
and  pumped  to  the  headwaters  of  the  Napa  River  for  flow  augmentation. 

g.  Reuse  Alternative  27  - This  alternative  is  similar  to 
Alternative  !8.  Ttie  difference  is  tliat  this  alternative  applies  to 
'he  [)-.series  of  wastewater  alternatives.  The  D-serles  alternatives 
envls'ons  that  an  additional  area  of  cropland  in  tie  entr  ’.  portion 
of  Site  21  would  be  irrigated  and  theretore  underdralned . '''his 
water  would  be  collected  and  pumped  to  tlie  southern  crop  area  and 

' ne  combined  flow  would  then  be  pumped  to  the  he.idwaters  of  the  Napa 
River  for  Ilow  augmentation. 
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RE'jSE  alternatives 


li.  Ri'iisi'  Alternatives  1}  and  )!>  - Reuse  Alternative  31  applies 
to  the  R-series  of  wastewater  alternatives  and  Reuse  I t e mat  i v.  33 
applies  to  the  D-series  of  wa.stewatei  alternatives.  Reilained  watee 
would  be  collected  in  Sites  18  and  21  as  in  the  previous  alternatives. 
From  Site  21,  this  water  would  be  pumped  to  the  northern  collection 
point  in  Site  18.  The  combined  flow  would  continue  from  this  point 
to  Chileno  Lake.  I'he  recollected  water  from  the  sinithern  portion  of 
Site  18  would  he  pumped  directly  to  Chileno  Lake  where  it  would  he 
available  for  an  irrigation  supply  for  I’ctaluma  Valley. 

i.  Reuse  Alternatives  39  and  40  - In  these  alternatives, 
water  would  be  recollected  from  the  irrig.-ited  area  west  of  llighwav 
lOL  in  Site  27.  In  the  remaining  irrigated  crop  area,  underdrains 
would  not  be  effective.  In  Alternative  19  water  would  be  collected 
by  gravity  and  pumped  to  a reguiat  intt  reservoir  east  of  Castroville. 
During  the  irrigation  season,  water  would  be  pumped  from  the  reservoir 
to  the  vicinitv  of  Castroville  for  irrigation.  In  Alternative  40, 

the  water  would  be  collected  as  in  the  previous  alternative.  From  the 
collection  point  it  would  be  pumped  to  a groundwater  recharge  reser- 
voir on  Quail  Creek.  This  reservoir  would  be  located  above  elevation 
180,  where  the  percolation  rate  has  Ireen  estimated  at  approximately 
2.5  feet  per  dav. 

j.  Reuse  Alternatives  42  and  44  - Alternative  42  applies  to 
the  B-serie.s  of  wastewater  uternatives  and  Alternative  44  applies 
to  the  D-series  of  wastewater  alternatives  in  Site  s2.  Reclaimed 
water  wouid  be  collected  by  gravity  and  pumped  to  a regulating 
reservoir  south  of  Antioch.  During  the  summer  when  salinity  intrusion 
m I- es  the  river  water  unsui  ible  'or  cooling,  water  from  the  reservoir 
■ 1 old  be  used . 

k.  Reuse  Alternatives  45  and  47  - These  reuse  alternatives 
would  supply  additional  outflow  to  the  S.ic  ramento-.San  Joaquin  Delta. 
Aiternative  45  applies  to  the  B-series  ol  wastewater  alternatives  and 
Alternative  47  .applies  to  the  D-serit's  for  Site  43.  Water  in  these 
alternatives  would  he  collected  by  gr.tvity  .and  pumy  ed  over  the 

levee  surrounding  the  area  into  the  lelt.i. 

l.  Rcus(>  Alternative  48  - In  this  alternative,  water  would 
be  recollected  bv  gravity  from  Site  43  for  the  D-serle.s  of  waste- 
water  alternatives.  '’his  water  would  theti  be  pumped  to  reservoirs 
south  ot  .Antioch.  Two  reservoirs  would  be  required  since  no  single 
site*  could  be  located  with  sufticlent  capacity  tor  the  total  volume. 
The  water  from  these  reservoirs  would  be  used  for  industrial  cooling 
as  described  in  Alternatives  42  and  44. 

m.  Reuse  Alternative  4d  - In  this  .il  tern.it  ive , reclaimed 
wafer  * rom  Sites  42  and  4 1 would  he  ccillected  .tnd  pumped  to  a 
regul.atlng  rc'servolr.  This  n-use  al  t t>rn.il  i ve  applies  to  t Ite  B- 
serlf's  of  w.'istewater  alternatives.  The  w.uer  from  Site  4 1 would 
be  collected  by  g.r.ivitv  .ind  pumped  to  Site  42  where  it  would  jc'in 
the  flow  from  that  .ire.i.  '3,,.  comhtned  I low  would  thei'  be  I'umped 
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i > .1  ri'scrvoir  south  of  Antiooh.  Wator  t roir  thi-;  tcs.  rv  i r wou'i! 
be  used  for  industrial  cool  in,'  as  described  in  I l'  rna'  i 'c.-.  '-\2  iinl 
44. 

n.  Reuse  .\1  te  mat  ivc  "tf)  - i'liis  altemativ'e  coni'  iiie.',  reuse 
Alternatives  44  .ind  48.  In  tliis  alternative,  the  eonhined  flow  of 
recollected  water  from  Sites  42  and  41  would  he  pumped  '■  o storage 
resiTvoirs.  As  in  Alternative  48,  two  reservoirs  would  be  required 
since  no  single  site  of  sufficient  capacity  could  be  located. 

Ihi  water  from  these  reservoirs  would  be  used  for  i du>^. trial  cooliiut 
as  described  in  Alternatives  42  and  44. 

21^.  Except  at  Sites  4 an;'  '1  no  .iddi  t i on.a  1 costs  ar.  envisioned 
lor  tile  flow  augmentation  reuse  alternatives.  '"osts  for  flow  augmerita- 
t Icn  reuse  at  '■<ites  4 and  4 1 hive  been  included  in  the  costs  of  the 
wastew.ater  man.agement  alternatives.  Use  of  the  other  alternatives 
would  reqtiire  regulation  reservoirs  since  the  demand  is  not  constant 
hut  occurs  onlv  diring  a few  months.  Conveyance  f.'iiilities  would  also 
■>e  required  to  convey  the  water  from  the  land  application  sites  to  the 
reservoirs  or  i hi'  reuse  areas.  Estimated  costs  associated  with  imple- 
menting the  remainder  of  the  25  selected  reuse  alternatives  are  discussed 
later  under  economic  considerations. 

' ronndwater  Replenishment 

21b.  So  far,  reuse  opportunities  associated  with  the  applied  waste- 
waters  and  Che  recollected  waters  lave  been  discussed.  Limited  re- 
use opportunities  can  be  associated  with  that  portion  of  the  applied 
waters  which  percolates  directly  to  groundwater  from  the  non-underdrained 
pastured  areas.  Table  31  shows  these  quantities  for  the  year  2000 
level  o,  development.  Quality  of  water  percolating  below  the  root  zone 
has  previously  been  discussed.  Except  for  total  nitrogen  and  salinicv, 
quality  oi  this  water  is  tlie  same  as  that  recollected  in  underdrains. 

•■inviTfiRINi;  I'ROCRA'IS 

1 nt  roduct Ion 

.’17.  A necessary  rerpi  i rement  for  anv  wastewater  management  system 
i*-  the  development  at  ' implementation  of  a monitoring,  urogram  to 
iiteasiire  the  e t fee  t i vencss  of  the  'lati.  A monitoring  svsten  normally 
corisibf^  n(  thret  par's;  collection  of  s;imp!es;  analv  is  of  the 
samules;  .and  re[»or’inf,  storage  a"d  r.  '.rieval  of  the  resulting  dat  . 

I .n  e ectron'c  d.it.i  proce'-sin,’  vstem  Is  erult.ved  to  s'o’^e  the  i - 
<r  , ;t  s uie  'bh  i pr".'  c the  preiturtion  ;>•  s'.audard  re 
''  ' T the  ea.'v  •e'''.evfi  . *.i. 

’ on i f or ing  Requ i i emen  t s 

21''.  Objectives  of  the  Tion  i t o r i np  program  determine  the  lv)>e  of 
test  i to  he  taken,  lief|ui*niv  ol  testing,  location  of  test  sites, 
itic  I eq  u 1 romen  t s for  I ihor.'ilorv  f icilities.  Such  i monitoring 

ram  would  be  operate;'  t'v  'be  w.istew.iter  m.'in.igement  agenev  which 
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(QUANTITIES  OK  WATER  PERCOEATING 
DIREGTEY  TO  rniOUNDWATER  KROM  PASTURED  ARF::AS 
(AFY) 


Area 

Altemat  ive 

B1 

B2 

B3 

D1 

D2 

D3 

4 

0 

0 

0 

0 

0 

0 

5 

85,370 

85,370 

85,370 

85,370 

85,370 

85,370 

18 

53,180 

53,180 

51,180 

53,180 

53,180 

53,180 

21 

38,870 

38.870 

38,870 

53,070 

53,070 

53,070 

27 

0 

0 

90,900 

0 

0 

90,900 

28 

3,740 

3,740 

3.740 

3,740 

3,740 

3,740 

42 

61,400 

61,400 

61  ,400 

104,700 

104,700 

104,700 

43 

1,120 

1,120 

1,120 

10,120 

10,120 

10,120 

Total 

243,680 

243,680 

334,580 

310,180 

310, 180 

401,080 

’ II 


would  normally  be  responsible  for  the  complete  and  proper  operiiion 
of  the  wastewater  management  system.  Any  wastewater  management  monitor- 
ing program  must : 

a.  Determine  the  qualitative  and  quantitative  effects  of 
tlie  implementation  of  a wastewater  management  alternative  on  sur- 
• ace  and  groundwaters,  soil  structure,  and  vegetation; 

b.  Detect,  identify,  and  determine  the  source  of  any  condi- 
tion which  could  degrade  the  quality  of  surface  and  groundwaters; 

.ind . 


r.  Provide  an  environmental  evaluation  of  the  wastewater 
system . 

J19.  in  order  to  insure  that  these  objectives  have  hei'n  met,  a 
nonitoring  program  for  land  application  of  wastewater  would  consist 
of:  (a)  a monitoring  network;  (b)  laboratory  support  for  the 

quantitative  analysis  of  the  samples;  and,  (c)  data  evaluation,  stor- 
age, and  retrieval.  The  monitoring  network  would  consist  of  permanent 
sampling  points  established  in  all  the  landsltes,  including  stations 
for  monitoring  land  quality,  ecological  conditions,  recollected  water 
quality,  and  possible  groundwater  degradation.  Several  stations  would 
be  located  in  each  land  area  where  wastewater  and  sludge  are  applied. 

In  addition  to  normal  sewage  treatment  plant  tests,  the  following  para- 
meters would  be  tested: 

a.  Groundwater  - total  nitrogen,  nitrate  nitrogen,  total  dissolved 
solids,  heavy  metals,  total  phospliorus  and  pathogenic  organisms; 

b.  Recollected  water  - total  dissolved  solids,  total  nitrogen, 
nitrate  nitrogen,  total  phosphorus,  heavy  metals  and  pathogenic  organisms 

e .  Soli  - heavy  metals  and  total  nitrogen  at  various  depths; 

d.  Vegetation  - heavy  metals  and  total  nitrogen; 

e.  Air  - odors  and  aerosol  emissions; 

f.  Wildlife  - DOs.'ble  vectors  sucii  as  mosquitoes,  flies, 
and  rodents;  and, 

g.  Surface  runtf'  uurlnr  the  winter  when  t \e  snray  applica- 
tion of  wastewater  ' ha'  ed)  leavv  metals,  tot.  1 nitrogen,  total 
phosphorus  and  pathogenic  organisms. 
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KCONO'MC  C:ONSIDF;RATI()^JS  AND 

desk;n  flex nu Lin' 

KNCINEERINL  ECONOMU:  ASSLDT'TIONS 

220.  riie  following  factors  and  assumptions  were  used  in  developing 
the  first  and  annual  costs  used  in  this  study: 

a.  Design  Life*  - The  design  life  of  pumping  stations  and  treat- 
ment tacilities,  including  land  disposal  systems,  was  assumed  to  be 
10  vears.  Tlie  design  liU  of  conveyance  lines  was  assumed  to  be  50 
vears . 


h.  Project  Life  - The  project  life  was  assumed  to  be  50  years 
and  all  capital  costs  were  amortized  over  this  period  in  order  to 
compute  annual  costs. 

c.  Replacement  of  Facilities  - Replacement  costs  for  facilities 
which  are  to  be  replaced  at  specific  intervals  (10,  25,  and  30  years) 
were  all  put  on  a present  worth  basis  by  discounting  at  the  appropriate 
Interest  rate. 

d.  Salvage  Value  - No  salvage  value  was  assumed  for  treatment 
facilities  and  pumping  stations. 

e.  Use  Contract  - It  was  assumed  that  the  landowner  would  be 
paid  2'^'  percent  of  the  lease  co.st  for  the  use  of  the  land.  Average 
compensation  to  the  landowner  would  be  about  $40  per  acre  per  year. 

This  would  be  in  addition  to  all  agricultural  profits  the  landowner 
would  normally  make. 

COST  DETERMINATIONS 

221.  Detailed  cost  estimates  were  made  for  each  wastewater  manage- 
ment alternative  based  on  two  concepts  of  two  land  acquisition  and 
system  operations.  Monitoring  program  costs  have  not  been  included. 
Under  the  first  concept,  all  land  required  would  be  purchased  directly 
in  fee;  system-required  lands  would  be  owned  and  operated  by  a 
wastewater  management  agenev.  Under  the  second  concept  and  the 
one  evaluated  in  this  report,  use  contracts  would  be  established 
between  the  wastewater  management  agency  and  the  landowners.  Under 
the  use  contract  concept,  the  following  assumptions  were  made; 

a.  All  l.ind  required  tor  treatment  facilities,  pumping  stations, 
sti.'*ag<  'eservoirs,  .and  n ose  re.servoi  rs  would  be  Purchased  bv  the 
w.istew.'ter  nanagemen'.  agerc  . . 

b.  All  land  reoui  n e !o>  ipelines  would  be  acquired  by  the 
igencv  under  permamnt  <■  isc>ment 

1 . The  .agency  would  .)wn  tnd  operate  .ill  treatment  facilities, 
t r.insm!  ss  1 on  I ae  1 1 i t i I'S  . >rai’>  rfservoirs,  and  reuse  system  com- 
.)>>nen' 


1 1 


I*.  U’.is  t < w.it  I r .imi  .i;>p  1 i ca  t ion  ar.MS  wi'nl  i h<'  loqn  r'  il 

iisi*  t on  t 1 ai' 1 s h-  twoon  1 in(iowners  ind  Uie  wa.stewat.T  man.>>;rm<i.  t 
^ '.onev . 


i'.  rtu  a^encv  would  turnish  and  the  landowner  would  ojKTalc 
the  underdrain  system,  runot f control  works  and  distribution  system, 

>’se  I'oniracls  would  pav  tlie  landowners  to  operate  these  svstems  in 
Ki-ordance  with  needs  for  wistewattr  treatment. 

•.  l.andowners  would  operate  the  wastewater  application  sys- 
■ em  and  the  sludge  application  system  as  well  as  being  responsible 
U'r  I aiming  operations  in  both  the  wastewater  and  sludge  application 
aieas.  All  profits  from  farming  operations  would  he  retained  by  the 
i andowne  rs . 

?22.  The  costs  for  each  wastewater  alternative  using  both  types  of 
land  acquisition  concepts  were  based  on  an  interest  rate  of  5-1/2 
percent  Pipeline  costs  were  determined  by  the  tvpe  of  construction, 

di-sign  pressure,  and  pipe  diameter;  pumping  station  costs  were  based 
on  pumping  pressure  and  horsepower  requirements;  and  treatment  plant 
cost-  were  based  on  the  quantity  of  wastewater  being  treated  and  the 
tvpes  of  treatment  required.  Table  12  prov'dcs  a summary  of  costs 
for  the  Base  Condition,  each  wastewater  man;  gement  alternative  ;ind  the 
tertlarv  treatment  system  based  on  the  fee  purchase  concept.  Tabic*  13 
summari/.es  the  costs  for  the  B-  and  i)-Seriei  of  wastewater  management 
alternatives  based  on  use  contract  operaticn  of  the  land  anollcatien 
sites.  It  siiould  be  noted  that  total  construction  costs  for  alternatives 
are  Incremental  to  Base  Condition  costs.  The  average  annual  costs  for 
each  alternative  do  not  vary  greatly  between  the  two  land  acquisition 
concepts.  Costs  for  the  tertiary  treatment  system  wore  developed  on  t e 
basis  of  f'  purchase  of  all  svstem-required  lands,  since  there  would  not 
be  unv  land  requirements  for  wastewater  application  and  onlv  a snail 
amount  of  land  required  toi-  slvidg*  application. 

223.  As  Indicated  previously,  it  has  been  assumed  mat  recollected 
water  at  each  landsil<  w.iuld  he  av.il  lablo  for  flow  augment  a’’ ion  to 
loc;!  streams  at  project  vear  2000.  Onlv  at  band  Sites  U ind  41 
tKeuse  Alternatives  1,  4i  and  47)  ’.'mild  additional  costs  lor  convey  am  . 
md  pumping  be  required  tor  flow  a'lgmentat  ion.  Using  the  U'- e contract 
.oiui'i'i  .iveragt*  annual  (tsis  (in  millions)  for  each  wastewater  man,'*’, 
tiei’t  .i.ternatlve  Includl'ig  ‘1  'w  au‘’,mi*nt  at  ion  reuse  is  as  fi>' low’s: 


' ernat ive 

B-1  = 

S/..-4 

A ■ 1 emat  ive 

B-2  - 

s •)  * 

1 ' ernat ive 

B-  3 - 

■ aB.’ 

•mat  ive 

U-'  - 

■43’ 

A 1 1 i*mat  ive 

0-2  - 

• IM’ 

A 1 1 ernat ive 

n- 3 - 

W/-7 

Alt''ough  preliminary  scieinilng  ol  alternatives  w;is  h;isi*d  on  an 
interest  rate  ot  5- i/K  pen  erit,  fin;i'  costs  were  developed  using 
.'"I  iterest  r.lli  of  i-l/.’  percent. 
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Costs  do  not  reflect  any  consider.it  ion  of  financial  benefits  wliiib 
nii^tlit  be  .achieved  from  the  use  of  reclaimed  water  .and  fertili/.er. 
Construction  costs  .and  annual  costs  for  the  selected  reuse  .alter 
natives  .ire  shown  on  T.ible  JA . As  indic.atcd  earlier  under  the 
section  on  W.astewater  Keclamation  Opiiort  un  i t les , Reuse  Alternatives 
2 , 8,  1 7 . 25  , 37  . 41  .ind  43  have  no  additional  costs. 

COST  SHARING 

224.  For  the  past  several  years,  it  h.as  been  the  practice  for  the 
Federal  Government  to  share  the  coi,  . t ruct i on  cost  of  publicly  owned 
wastewater  treatment  works  with  lt'..il  interests.  In  1970,  with  tlie 
passage  of  the  Clean  W.iter  Bond  Act,  C.illfornia  became  a partner  to 
the  concept  of  cost  sharing.  ’’resent  State  .and  Federal  policy,  as 
expressed  in  the  Californi.i  Clean  k'ater  Bond  Act  of  1970  and  its 
amendments  and  the  Federal  Water  Pollution  Control  Act  Amendments 
of  1972,  indicate  that  the  sharing  percentages  of  eligible  portions 
oi  project  costs  are  as  lollows;  I.ocal  Interests  - 12.5  percent, 

State  of  California  1 ’.S  percent  and  the  United  States  - 75  percent. 

rants  are  made  for  eligible  portions  of  project  costs  subject  to 
rules  and  regulations  est.ablished  by  the  California  State  Water  Re- 
sources Control  Board  and  the  Federal  Environmental  Protection  Agency. 

225.  With  respect  to  granting  procedures,  the  term  "construction" 
has  been  given  a broad  meaning  and  Includes,  in  addition  to  the  actual 
building  and  alteration  ot  works,  all  the  necessary  planning,  engineering, 
legal,  fiscal  .and  economic  Investigations  necessary  for  the  implementa- 
tion of  a project.  With  respect  to  eligible  portions  of  project  costs, 
Federal  statutes  indicate  that  "tre.atment  works"  include  devices  and 
systems  used  i i the  storage,  treatment,  recycling  and  reclamation  of 
wastewater,  or  .ire  necessary  ti'  recvcle  or  reuse  water  at  the  most 
economical  cost  over  the  estimated  life  of  the  works.  Land  acquisition 

is  an  eligible  project  feature  so  long  as  the  land  is  an  integral  portion 
of  the  treatment  process  or  is  used  for  ultimate  disposal  of  residues. 
Reuse  facilities  also  woul<l  bo  considered  eligible  project  features 
if  such  facilities  were  necessary  to  the  operation  of  the  project. 

All  grants  made  are  subject  to  user  charges  and  industrial  recovery 
charges  required  by  .State  and  Federal  statutes.  Botli  the  State 
of  California  and  the  Federal  Government  have  established  priority 
systems  for  the  allocation  of  grant  funds. 

226.  For  the  purpose  of  this  study  in  allocating  costs  among  local. 

State  and  Federal  Interests,  It  has  been  assumed  tliat  all  features  of 
the  wastewater  management  alternatives  are  eligible  for  construction 
grants.  Capital  costs  of  the  alternatives  (and  th.at  portion  of  the 
.average  annual  costs  which  represents  amortization  of  capital  Investment) 
have  been  apportioned  on  the  basis  of  12.5  percent  local,  12.5  percent 
State  of  California  and  75  percent  Federal.  Cost  for  operation  and 
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maintenance  anti  replacement  would  be  paid  by  local  interests.  Landowners 
within  the  land  application  sites  would  be  expected  to  pav  a portion  of 
these  latter  costs  equivalent  to  their  normal  costs  iti  operating  Irriga- 
tion systems. 

INSTITUTIONAL  ARRANGEMENTS 

227.  The  institutions  considered  In  this  study  include  the  govern- 
mental structures  of  the  Bay-Delta  Region  which  have  emerged  in  relation 
to  possible  solutions  of  water  quality  problems.  Governmental  studies 
are  concerned  with  the  development,  growth,  and  responses  of  wastewater 
management  institutions  associated  with  increased  demands  for  allocation 
of  resources  to  the  solution  of  growing  regional  water  quality  and  pol- 
lution problems.  Particular  emphasis  is  placed  upon  institutional  im- 
pacts which  may  be  related  to  land  application  alternatives  of  Bay-Delta 
water  quality  problems. 

228.  During  recent  years  increasing  attention  has  been  given  to  waste 
treatment  facilities  to  solve  water  quality  and  pollution  problems. 
Institutional  responses  were  concentrated  at  local  .governmental  levels- 
In  some  instances,  existing  flood  control  or  watei  supply  agencies 
assumed  waste  tre  itment  responsibilities  in  lieu  of  creating  new  single- 
purpose institutions.  This  type  of  institutional  adaption  was  reasonable 
because  flood  control  systems  have  often  served  in  the  dual  capacitv  of 
providing  both  storm  drains  and  sanitary  sewers  and  water  supply  agencie-; 
are  concerned  with  water  quality  as  well  as  quantity.  At  the  present 
time,  it  is  generally  recognized  that  the  water  quality  and  pollution 
problems  of  the  Bay-Delta  Region  have  grown  to  such  proportions  that 

the  united  efforts  of  Federal  and  State  governments,  as  well  as  local 
governments,  must  be  brought  to  bear  and  national  as  well  as  State  and 
local  economic  and  technological  resources  must  be  allocated  to  their 
solution 

229.  1'  is  anticipated  that  the  Bav-Delta  Region  under  the  197S  Base 
Condition  will  reflect  Increased  institutional  accommodation  to  meet 
legislative  requirements  o‘  current  and  projected  technological  demand. - 
of  an  increasingly  critical  Bav-Delta  water  qualltv  and  pollution  control 
problem.  The  emerging  institutional  environment  will  rel lect  an  extr.ip- 
oiation  of  present  institutional  accommodation  trends. 

230.  The  selection  of  ultimate  institutional  arrangements  to  meet 
requirements  of  the  selected  wastewater  management  alternatives  is 
t!'c  !esp<'n8lbilltv  of  ,te  and  local  agencies  and  the  voters.  In- 
terested and  cooperating  Federal  agencies  are  charged  with  the  re- 
^pons'bllitv  of  assisting  the  State  and  local  agencies  and  to  that 

o . c"t  may  offer  assistance  as  needed.  Nonetheless,  the  decislon-m.ikinc 
'■  jc.  s.-.  remains  a .State  prerogative. 

231.  Existing  institutional  enabling  acts  of  the  State  of  California 
.ire  generally  flexible  and  adequate  to  meet  most  foreseeable  needs; 
however,  some  changes  may  be  considered  in  the  interest  of  achieving 
uniformity  and  to  assure  tliat  waste  treatment  management  institutions 
will  meet  the  criteria  for  construction  grants. 


.MJ.  rtu‘  himi  .ipp  1 i I'.i  t loii  portions  of  the  wastewater  alternatives 
I'v. mined  in  tliis  study  would  appear  capable  of  beinR  implemc'nted  by 
txistiiiy,  institutions.  Only  one  governing  institutional  entity  or 
wastewater  nvinagerpent  agency,  should  control  each  of  the  tuggestod 
I and  aitplication  subsystems.  The  formation  of  a new  controlling 
district  or  the  cc>nsolidat  ion  of  districts  cbuld  be  handled  by  tlie 
loc.il  communities  involved  under  existing  legal  authorities. 

'^TAC I Nt;  CONS  1 DERAT  I ONS 

J31.  An  alternative  is  only  a concept  until  it  is  implemented,  then 
Lt  becomes  a program  or  a nr  Ject.  One  of  the  problems  common  to  all 
maior  public  works  projects  is  that  of  developing  adequate  and  economic 
procedures  for  f inane tng  both  the  construction  and  the  subsequent 
operation  and  mainten  inio  ol  an  alternative.  To  avoid  potential 
difficulties  in  fin.incing  and  administration,  it  becomes  necessary 
to  revi  -w  financial  .tnd  legal  problems  pertaining  to  public  works 
pri'jects.  An  engineering  report  can  bo  of  assistance  by  providing 
preliniinary  planning  information. 

234.  The  problem  of  how  a particular  alternative  could  be  constructed 
and  operated  must  be  considered.  All  the  facilities  for  an  alternative 
could  be  built  during  a relatively  short  period  of  time,  or  a phased 
construction  could  be  accomplished  over  a longer  period  of  time.  'n 
order  to  determine  which  construction  method  would  produce  the  best 
results,  the  following  assumptions  were  used: 

a.  All  interceptor  pipelines  would  be  constructed  at  the 
same  t ime  ; 

b.  All  lands  woul>  he  acquired  at  the  same  time; 

c.  All  wastewater  storage  reservoirs  at  the  landsltes  would 
he  constructed  at  the  s;ime  time: 

d.  Approximately  7‘i  pt'rcent  of  the  wastewater  treatment 
fac'lities,  the  pumping  stations,  and  the  sludge  handling  systems 
would  he  built  during  the  'irst  part  of  the  construction  phase:  and, 

e.  Approximately  SO  percent  of  the  land  application  systems 
would  be  built  during  the  first  part  of  the  construction  phase. 

■MS.  based  on  a review  of  he  cost  data,  the  effect  of  these  assump- 
tion'- would  be  that  only  about  25  percent  of  the  construction  cost 
CO..  I d be  considered  for  staged  or  phased,  construction.  It  was 
iissumed  that  all  system  construct  ion , with  design  capacity  to  meet 
ytitr  2000  flows,  would  he  started  by  1975  and  completed  by  1985. 

Tliero  could  be  a staging  of  a portion  of  total  system  construction 
during  this  10-year  period.  Assuming  a reasonable  project  construc- 
tion period,  of  10  years  for  inlti.il  construction  for  year  2000 
flows,  .ind  six  years  tor  further  expansion  of  facilities  for  year 
2020  flows,  a further  breakdown  fc'llows: 
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a.  riie  number  of  major  construction  contracts  would  be 
ippruximat e Iv  500. 

b.  Average  duration  for  each  construction  contract  would 

be  1-1/2  - 2 years,  with  the  exception  of  storage  reservoirs  which 
would  be  1-1/2  - 3 years.  Numerous  construction  contracts  would  be 
'unning  concurrently  and  would  be  staged  throughout  the  construction 
period . 

c.  The  first  two  years  of  the  10-year  period  would  be  for 
basil  engineering,  design,  and  land  acquisition,  the  remaining  eight 
vears  for  final  design  and  construction. 

d.  Experience  on  construction  projects  indicates  the  peak 
•ate  of  expenditure  occurs  at  the  60  percent  point  of  the  construc- 

ion  period.  Design  and  construction  expenditures  could  be  staged 
■•ased  on  these  assumptions.  Figure  9 schematically  depicts  the  time 
ohasing  for  design  and  construction  costs. 

Y!::AH  ^020  :U\STER  PI  AN 

236.  The  six  wastewater  management  alternatives  developed  can  be 
onsidered  only  as  intermediate  steps  in  meeting  long-range  water 

quality  needs.  Each  alternative  can  be  expanded  into  a master 
plan  to  care  for  wastewater  flows  and  constituents  for  the  year 
2020.  As  an  example,  /liternat  ive  D-1  was  modified  to  demonstrate 
the  compatibility  of  the  year  2000  land  application  alternatives 
•with  long-range  planning.  Alternative  U-4  (see  Plate  34)  can  be 
'onsidered  as  the  2020  Master  Plan  for  the  D-Serles  of  wastewater 
a I te  oia t i ves . Since  this  alternative  is  the  same  as  Alternative 
D-1  except  tor  the  quantity  of  wastewater  being  generated,  the  same 
land  application  sites  used  in  Alternative  D-1  would  be  used.  The 
amount  of  land  required  would  he  Increased  but  would  generally  be 
in  the  same  location  as  that  used  under  Alternative  D-1. 

237.  Sludge  System  S-5  (see  Plate  35)  applies  to  Alternative  D-4 
(year  2020  Master  Plan)  and  is  similar  to  Sludge  System  S-2 . In 
System  S-5,  the  sludge  from  Sites  42  and  43,  as  well  as  that  from 
the  C.entral  Contra  Costa  Coimty  Wastewater  Treatment  Plant  and  the 
ttiree  small  tertiary  plants  on  the  Sacramento  River,  would  be  con- 
veyed to  Site  5.  All  other  routes  would  remain  the  same  as  in 
Sludge  Systems  S-2. 

SENS  IT IV ITT  CONSIDERATIONS 

’nt  roduction 

238.  Changes  in  assumed  design  criteria  could  result  in  changes  or  modlf- 
icai ions  to  wastewater  management  alternatives.  The  sensitivity  of  these 
possible  changes  sliould  be  examined.  The  areas  of  greatest  potential  change 
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START  DETAILED  ^ DESIGN  AND  CONSTRUCTION  COSTS 
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COMPLETION  OF  FACILITIES 
DESIGNED  FOR  YEAR  2000 
WASTEWATER  FLOWS 


AKU  COVKRKxJ  BY  :-UP 


in  dosiKti  crlteri.i  would  bo  in  the  projection  of  wustewater  flows 
(which  at  feet  the  utilization  of  each  land  site),  'rop  patterns  to 
ho  solecti'd,  roinoval  or  use  of  existing  orchards,  cost  development 
assumptions  and  tlio  availability  of  land  suitable  for  land  treat- 
ment ol  wastewater. 

Projection  of  Wastewater  Flows 

im.  Projected  final  municipal  wastewater  flows  were  based  on  the 
population  data  presented  in  the  Series  D-150  projections  prepared  by 
the  California  Department  of  Finance.  This  series  of  projections  is 
currently  considered  the  standard  for  Stale  and  Federal  planning  in 
California,  except  when  overriding  reasons  dictate  the  use  of  other 
projections.  A second  series  of  population  projections  also  has 
been  developed  bv  the  California  Department  of  Finance,  the  Series 
E-0.  E-0  Series  projections  are  based  on  reaching  zero  population 

growth  at  some  time  in  the  future.  The  Series  E-0  data  indicate  a 
siTuiller  population  forecast  than  the  Series  D-150  data  (see  Table  4). 
Current  trends  in  population  forecasting  appear  to  favor  use  of  the 
E-0  Series  as  a frame  of  reference  for  future  planning.  Grant  regula- 
tions and  planning  criteria  of  the  State  Water  Resources  Control  Board 
for  wastewater  treatment  facilities  make  use  of  tliese  projections  in 
■'ritical  air  basins.  The  following  counties  are  in  a critical  air 
basin  and,  as  such,  population  projections  could  be  less  than  those 
derived  from  D-150  Series:  San  Francisco,  San  Mateo,  Contra  Costa, 

AlameOa,  and  Santa  Clara. 

240.  Of  these  five  coin  ties,  only  Contra  Costa  and  Santa  Clara 
Counties  would  contribute  significant  quantities  of  waste  to  land 
areas.  L'se  of  tlie  E-0  projections  would  result  in  slightly  lower 
wastewater  flows  to  Site  42  fi'r  all  alternatives  and  to  Site  27  for 
Alternatives  U- 1 and  D-3.  Also  less  sludge  would  he  available  for 
land  application  because  of  reduced  flows.  Tlierefore,  the  land 
portions  of  the  wastewater  management  alternatives  presented  In 
till-  '■eport  do  not  appear  to  be  significantly  sensitive  to  the 
ctioici  of  whicii  population  projection  is  used. 

241.  Initial  coordination  with  industrial  groups  in  the  study  area 
lias  indicated  that  the  industrial  wastewater  flows  could  change  de- 
pending on  wtiich  Set  of  technical  assumptions  were  used.  In  this 
stndv,  tile  flows  were  tiased  on  a set  of  industrial  assumptions  out- 
lined earlier.  The  assumptions  appear  to  he  reasonable  and  since 
file  majority  of  the  industrial  waste  flows  originate  in  Contra  Costa 
Ci'unty,  cliangps  would  only  materially  affect  the  Site  42  portions  of 
tb--  land  application  alternatives. 

i.rop  Patterns 

242.  Several  basic  assumptions  were  made  regarding  the  various  crop 
types  to  be  used  at  the  application  ites.  Tiiese  assumptions  were 
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made  from  the  best  available  information.  If  this  information  chan£>f‘s, 
then  the  orijiinal  assumptions  might  also  change.  As  an  example,  avail- 
able information  from  the  agricultural  community  indicated  that  alfalfa 
would  remove  about  170  pounds  of  nitrogen  per  acre  per  year.  The  assump- 
tion made  was  that  if  nitrogen  were  available  from  the  ground,  alfalfa 
would  utilize  this  form  of  nitrogen  prior  to  fixation  of  any  nitrogen  from 
the  atmosphere.  Presently,  no  documented  data  have  been  furnished  to 
determine  if  alfalfa  does  use  one  hundred  percent  of  tlie  nitrogen  from 
the  ground.  Only  through  continued  experimental  efforts  and  pilot  plant 
studies  would  definite  data  be  available. 

243.  It  also  was  assumed  that  no  crops  would  be  grown  that  are  normally 
eaten  raw  by  humans,  such  as  tomatoes.  If  additional  wastewater  treat- 
men'  processes  were  provided,  the  water  could  be  used  to  irrigate  crops 
'iscd  for  direct  human  consumpLion.  The  additional  treatment  would  con- 
sist of  a dual  media  filter  and  chlorination  unit.  The  treatment  cost 
would  be  increased.  For  example,  in  Site  5,  approximately  9,940  acres 
of  tomatoes  are  currently  grown  which  could  be  irrigated  with  40  M''.D 

O'  .jdequately  treated  wastewater.  The  additional  cost  of  providing 
Hoth  filtration  and  chlorination  would  be  about  $8.87  per  acre-feet  of 
w.iter.  Table  35  summarizes  the  additional  cost  of  treating  the  waste- 
water  flows  to  each  site,  for  each  series  of  alternatives,  to  allow 
continued  cropping  of  tomatoes,  asparagus  and  other  desired  crops. 

Orchards 

244.  The  original  desig.n  for  the  application  of  wastewater  contemplated 
removing  all  orchards  affected  by  this  application.  This  concept  was 
considered  because  crops  with  good  nitrogen  removal  characteristics 
were  required  to  insure  proper  land  treatment  of  wastewater.  With  this 
assumption,  overall  monetary  losses  would  occur  unless  some  of  these 
orchards  were  replaced.  It  would  be  possible  to  develop  new  orchards 

in  the  proposed  sludge  application  areas.  From  a cost  standpoint,  it 
would  not  pay  to  replace  orchard  crops  such  as  walnuts  and  prunes. 

The  development  time  required  and  recent  decreases  in  harvest  prices 
would  make  the  replacement  of  these  orchard  types  uneconomical.  How- 
ever, these  particular  orchards  could  be  replaced  by  other  types: 
almonds,  apples,  cherries,  pears,  and  apricots.  If  orchards  were 
replaced,  the  total  net  annual  agricultural  loss  could  be  reduced 
or  el iminated . 

Cost  Development 

245.  The  final  costs  developed  for  this  study  were  based  on  an  in- 
terest rate  of  5-1/2  percent.  However,  this  interest  rate  could 
■hange  depending  on  the  total  national  economic  situation.  It  is 
jrob.ible  that  the  Interest  rate  would  Increase  rather  than  be  de- 
creased. This  would  result  in  increased  costs  for  all  wastewater 
management  systems.  If  the  interest  rate  increased,  for  Instance 
to  seven  percent,  an  approximate  13  percent  Increase  in  average 
annual  costs  could  be  anticipated. 
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246.  This  .sttidy  ii.sod  seven  prim/iry  land  application  areas  ('‘‘ites 
28,  42,  4J,  4,  5,  21,  18)  and  one  alternate  area  (Site  27)  for  the 
■ ippLication  of  treated  wastewater  and  sludge.  These  site.s  were 
chosen  based  on  several  parameters  discussed  earlier.  If  certain 
sites  were  not  to  be  used,  such  as  Site  5 with  a total  of  192,000 
potentially  available  acres,  other  sites  which  were  Identified  but 
n<it  investigated  in  detail  could  be  used.  Use  of  these  additional 
sites  would  be  expected  to  present  a range  of  positive  and  negative 
I’ffc'cts  comparable  t ' those  described  in  this  report.  Proposed  use 
o!  the  primarv  seven  land  annlicatlon  sites  was  based  on  their 
locations  relative  to  the  m.aior  wastewater  sources.  Other  land 
application  areas,  such  as  Sites  38,  39,  41,  and  53  (Plate  6), 
could  be  considered  i!  a primary  site  became  non-available . As 
discussed  earlier.  Site  27  was  used  in  two  of  the  six  alternatives 
to  provide  an  additional  option  to  South  San  Francisco  Bay  area 
wastewater  dischargers  and  to  permit  evaluation  of  the  concept  of 
interbasin  transport  of  wastewater. 
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IDENTIFICATION  OF  IMPACTS 
AND  SYSTH1  PERFORMANCE 


”UBLIC  lAW  92-500 

247.  On  18  October  1972  the  "Federal  Water  Pollution  Control  Amend- 
ments of  1972"  (PL  92-500)  became  law.  The  law  establishes  two  national 
goa 1 s ; 


a.  To  achieve  wherever  possible  by  1 duly  1983  water  that  is 
clean  enough  for  swimming  and  other  recreational  uses,  and  clean  enough, 
for  the  protection  and  propagation  of  fish,  shellfish  and  wildlife. 

b.  To  have  bv  1985  no  discharge  of  pollutants  Into  the  nation’s 
waters . 


248.  The  law  also  Increases  Federal  aid  to  help  local  government 
build  sewage  treatment  facilities  and  sets  the  following  deadlines 
for  actions  to  control  water  pollution  from  Industrial  and  municipal 
sources . 


a.  Industries  discharging  pollutants  into  the  nation's  waters 
must  use  the  "best  practicable"  water  pollution  control  technology 
by  1 July  1977  and  the  "best  available"  technology  by  1 July  1983. 

b.  All  publicly  owned  treatment  works  In  operation  on  1 July 
1977  must  provide  a minimum  of  secondary  treatment. 

c.  All  publicly  owned  treatment  works  must  use  "best  practicable" 
treatment  by  I July  1983. 

249.  Insofar  as  possible,  the  water  quality  provisions  of  PL  92-500 
have  been  considered  In  identifying  the  Impacts  and  characterizing  the 
performance  of  the  final  wastewater  management  alternatives. 

IDE.NTIFICAiTON  OF  IMPACTS 

Int  roduction 

250.  In  the  planning  process  sequence  of  events,  impact  identifica- 
tion falls  between  the  formulation  of  alternatives  and  their  evaluation. 
It  serves  a.s  a bridge  between  these  two  planning  events,  as  it  sup- 
plies information  to  i inis'i  the  former  and  to  start  the  latter.  When 
displayed,  identified  lmt)acta  describe  the  changes  which  will  result 
from  Implementation  o*  the  Inal  wastewater  management  alternatives. 
These  Impacts  then  become  tie  Indicators  for  evaluation. 

Scope  of  Accounts 

251.  The  first  step  In  the  Impact  Identification  process  is  to  define 
a set  of  categories  and  Impact  parameters  so  that  the  Impacts  can 

be  organized  and  as.sembled  according  to  their  effects  on  man  and  his 
surroundings.  These  categories  represent  areas  of  concern  which 
planners  have  found  to  be  essential  in  plan  formulation  and/or 
sensitive  to  public  Interest.  For  this  study  environmental  quality. 
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social  well-hein^;,  economic,  and  institutional  catejiuries  w€?re  selected 
as  representative  t’eneral  areas  within  which  to  idenl  i fv  impacts.  Im- 
pact parameters  represent  tliose  specific  areas  in  which  chanp.es  are 
likely  to  bo  produced. 

252.  Environmental  quality  involves  the  relationship  between  human 
environment  and  the  natural  environment.  Many  of  man's  actions  affect 
the  natural  bloloplcal  processes  and  life  cycles  of  a region  by  altering 
the  chemical  or  physical  components  of  the  natural  environment.  Usually 
the  effects  of  these  actions  appear  in  the  biological  sector  as  either 
temporary  or  permanent  changes  in  the  growth,  maintenance,  a.ad  repro- 
duction of  organisms  or  the  relationship  that  exists  between  biological 
communities  and  entire  ecoysystems.  By  identifying  changes  in 
chemical /physical  factors,  ecological  associations,  aesthetics, 
recreation  and  use  of  natural  resources,  it  is  possible  to  assess 

the  impact  of  an  alternative  action  on  environmental  quality. 

253.  Social  well-being  involves  a condition,  existing  or  desired, 
expressed  in  terms  of  individual  and  group  quality  of  life.  This 
quality  of  life  eoucerns  those  activities.  Institutions,  and  inter- 
relationships of  man  Involved  in  the  maintenance,  growth,  and  develop- 
ment of  society  within  the  physical  environment.  By  determining  the 
effect  of  an  alternative  on  area  viability  (in  terms  of  stability, 
growth  and  development  of  localities),  public  attitudes,  distributive 
equity  and  public  health,  it  is  possible  to  assess  social  well-being 
sens i t 1 vi ty . 

254.  The  development  of  water  resources  affects  the  environmental 
quality  and  social  well-being  of  the  region.  In  turn,  these  changes 
can  affect  the  region's  economic  base  and  Institutional  framework. 
Although  much  criticism  is  given  to  the  ase  of  dollar  benefits  and 
costs  in  evaluating  alternative  solutions  in  the  context  of  co- 
existence with  environmental  and  social  well-being  considerations, 
the  dollar  aspect  of  regional  development  must  be  considered.  In 
this  light,  information  on  project  costs,  agricultural  production, 
public  finance,  land  values,  reclamation  of  resources,  and  changes 
in  existing  institutional  structure  is  considered  necessary.  Table 
36  summarizes  the  basic  Impact  categories  and  parameters  used  in  this 
study . 

Matrix  Preparation 

255.  After  the  impact  categories  and  parameters  have  been  estab- 
lished and  the  Impacts  identified  and  assembled,  the  next  step  Is 
to  develop  .i  format  for  their  dlsplav.  It  also  becomes  necessary 
•■c)  equate  the  Impacts  to  the  various  groups  that  will  be  affected 
by  the  alternative.  For  this  study,  any  change  in  the  impact  para- 
meters could  potentially  have  an  effect  on  the  San  Francisco  Bav- 
Uelta  Region,  the  State  of  California,  or  the  United  States. 

Although  some  impacts  may  be  relatively  unimportant  the  further 
from  the  study  area  a planner  considers,  their  synergistic  effects 
may  be  extremely  Important  and  therefore  must  be  considered.  In 
addition,  the  impacts  produced  from  the  interbasin  transfer  of 
wastewater  need  to  bo  considered. 
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2bO.  Six  final  al  i<  rnal  i vi  s , nn-orpcrat  in>>.  varicun,  Jenri-fs  of  land 
app  1 i r.iL  ion , have  been  developed  by  ibis  staidv  for  wasu'wafer  and 
slnd>;e  rvinagi'meiU  in  t!ie  San  Franeisco  bav  and  Sa'  ia'iunto  - San  Joaquin 
Delt.i  Region.  Fp  Lo  this  point  Ibese  alternative*,  bav*  been  fully 
discussi-d  from  an  engineering  viewpoint  and  Lbeir  impaets  on  tbe  Ray- 
OeLt.i  Region  (including  the  nortinrn  portion  of  tbe  Central  Coastal 
Basin),  the  State  of  Caliternia  and  tbe  I'nited  States  have  been 
identified.  'I'be  next  planning  event  scheduled  for  tbe  alternatives 
is  tb.it  of  evaluation. 

2bl.  evaluating  a progr.ira  or  <a  proposal  usii.illy  requires  tbe  iden- 
tification of  two  aspects  of  tbe  action,  its  magnittule  (meaning  its 
extensiveness  or  scale!  and  i^s  importance  (which  is  a value  judg- 
ment). In  this  evaluation,  however,  only  tlie  magnitude  aspect  of  tbe 
alternative  action  will  be  considiTed,  since  analysis  of  this  aspect 
is  based  on  f.act  and  since  it  is  .'utside  tbe  scope  of  this  study  to 
m.ike  v.alue  ’udgments  on  th»'  a!  tt  mat  ives . I'he  goa  i of  this  evalua- 
tion then,  is  to  objectively  desciibe  tbe  degree  oi  c>iangi*  that  eacli 
of  tbe  six  fin.il  .alternatives  (R-1  , B-2,  B-3,  !)-!,  H-? , and  D-3)  would 
likely  produce  it  it  were  employed  in  tbe  solution  ‘ wastewater  manage- 
ment problems  in  the  B.iy-Delta  Region  without  making  ,tnv  preference 
dei'isions  on  .i  specific  alternative. 

2().’,  In  tlie  ev.'il  iiat  ion  methodology,  each  alternative  w.ts  conceptually 
iir.plemi‘11  ted  in  tbe  San  Francisco  B.ay-Delta  'legion,  as  di’firud  by  the 
HyS  Basi*  Conditic'ii  .md  its  region.il  cbaract  c*i  i.-;t  ics.  Tbe  changes  likely 
to  occur  in  tlie  region  as  a re.ail  t of  in  .i  itern.it  ive  were  then 
tecorded  iindiT  four  general  .iciajunts  c'laracterized  by  p.irimeters 
used  in  tbe  summary  imp.ict  display  (Figures  10  through  I'l)  pre- 
sented e.irlier.  Tbe  four  evalu.ition  accounts  were  Envi  ri'nmt^ntal  , 

Jocial,  Kconomic,  .ind  Speci.-il  Con  iderations.  I'be  first  three 
accounts  .are  more  or  less  traditional  evalu.ition  accounts  while 
the  last  w.is  .idded  as  a miscellaneous  .account.  To  define  tbe  evalua- 
tion .'icct'unts  ami  lo  further  categorixe  impacts,  each  account  was 
divideti  into  its  cemponen’^  part--  For  ex.imple,  tbe  i nv  i ron:iK‘ntal 
Account  was  diviibd  into  f.uir  comt>otu*nf  ,s  : tibemic.i  1 ^ Cbys  i i 1 1 Factors, 

Ecological  Associations,  Acs  t be  t i c/Cul  I ura  I and  Recreat  i(<ii . Table  39 
shows  tlie  breakdown  of  all  tbe  ev.iliiition  .accounts. 

263.  lo  obtain  .a  cr'rt.ain  *legree  of  cibjectlvitv  both  bent'ficial  and 
detrimi'iital  aspects  were  cotisi.'ered  .as  well  as  cert. tin  and  potential 
opportunities  .ind  ci'ncern..  Accordingly,  tbe  evalu.ition  is  consistent 
wi  t b t be  foil  owing : 

Benel  icl.al  Aspect  s Pet  r ime nt.i  1 Aspects 

Beneficial  Effects  are  tbos.  positive  Det  rimeiit.il  Effects  are  tliose 
cbatiges  that  would  occur  if  the  pi. in  iug.it  ive  cli.anges  that  would  occur 

were  implementerl.  If  tlie  |i'a*i  were  implemented. 


I SB 


I'.enc  1 1 c 1 1 Upportun  i t i es  .ire  t riose 
(lusitive  chaiv’es  lliil  (oiild  oinir  it 
• ippropr  iati-  artloriK  wr*rc  r.ikeri  over 
.ind  above  plan  imp  1 enen  t al  ion  . 


Detrimental  ror^cern  are  t iose 
chanj’es  ttiat  could  occur  if  ap- 
propriate actions  were  not  taken 
over  and  above  plan  implementation. 


X64.  i'lie  scope  of  t be  evaluation  is  regional  and  empl.asizes  the  effects 
of  greatest  moment  .issociated  with  the  total  alternative,  rather  than 
a displ.iy  of  specific  etfects  by  area  or  population  group.  Because  of  the 
similarities  between  alternatives,  some  of  the  effects  recorded  are  common 
to  all  of  the  alternatives.  Figures  17  through  40  present  the  evaluation 
of  the  six  final  wastewater  management  alternative  ''B-1,  B-2 , B-3,  D-1, 

>-2 , and  L)-'iJ  developed  by  this  study.  Four  figures  fone  for  each  evalu- 
•ition  .account)  are  provided  for  each  of  the  six  alternatives.  A more  de- 
t.iiled  discussion  of  the  procedure  for  evaluating  the  alternatives  can  be 
found  in  Appendix  H-7,  [evaluation. 


TABl.F  39 

KVAI.UATION  ACCOUNTS  AND  COMPONFNTS 


FNVIRONMENTAL 

SOCIAL 

ECONOMIC 

SPECIAL  CONSIDERATIONS 

Chemical / Physical 

Area  Viability 

Costs 

Reclamation  of  Resources 

Factors 

Lcological 

Public  Attitudes 

Produc  t ion 

Use  of  Resources 

Assoc iat ions 
Aesthe  tic/ 

Distributive 

Public  Finance 

Cultural 
Rec reation 

hquity 

I'ubllc  Health 
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FIGURE  37 


FOR  Li^ND  TREATMENT  FACILITIES  AND  14,300  ACRES  FOR  WASTEWATER 
STORAGE  FACILITIES. 
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DlSCt'SSlON 


INTRODUCriON 

This  study  w.is  conducted  in  cooperation  witli,  and  tins  had  active 
participation  of,  KeKlon  IX  of  the  Federal  Fnvl ronment a 1 Protection 
Agency,  the  State  ot  (^illfornia  Water  Resourc*s  Control  Board,  and  the 
ap|)ropriate  alitornia  Regional  Water  ()uality  Control  Boards  pursuant 
to  <1  joint  agreement.  I'he  final  alternatives  developed  and  evaluated 
relleit  the  irviximura  use  of  previous  studies  and  underway  efforts  by 
Federal,  State  of  California,  regional  and  local  agencies.  In  addition, 
the  general  public  in  the  San  Francisco  Bav  and  Sacramento-San  Joaquin 
Helta  Region  and  the  residents  affected  in  Monterey  and  Ran  Benito 
I'ounties,  the  latter  because  of  the  use  ot  optional  I.and  Rite  27,  have 
been  kept  informed  of,  and  have  participated  in,  the  Corps'  Investigation 
i-  f f o r t s . 

COMI’ATIBII.ITY  WITH  QIRKF.NT  STl'DIKS 

2bh,  [he  State  of  California,  under  contract  wltli  several  consulting 
engineering  firms,  presently  is  developing  various  wastewater  management 
actions  and  strategies  for  basins  lying  entirely  or  nartially  within  the 
Ran  Francisco  Bay  and  Delta  Region.  These  actions  and  strategies  will, 
by  July  1 1975,  evolve  into  the  Rtate's  "Comprehensive  Water  Quality 
Control  Plans"  as  required  by  State  and  Federal  statutes,  Devi'lop- 
ment  of  the  joint  agreement,  previously  cited,  indicated  tiiat  the 
maximum  contribution  toward  overall  planning  would  be  accompllslied  if 
this  report  emphasized  the  near-future  and  long-range  potential  of 
land  application  of  treated  wastewater  and  a regional  approach  to 
the  land  application  of  residual  solids  resulting  from  wastewater 
treatment.  Tlie  six  alternatives  developed  in  this  study,  which  emphasize 
and  as  a treatment  mechanism,  do  not  represent  a complete  range  of 
pi'sslble  alternatives  but  do  represent  cost  effective  systems.  The 
land  application  components  are  technically  comparable  in  precision 
level  and  completeness.  Investigations  of  the  Rtate  of  California 
have  used  tiie  data  and  evaluation  factors  on  land  anplication  de- 
veloped in  this  report.  With  the  work  done  bv  tlie  Corps  and  that 
being  accomplished  bv  the  Rtate,  a complete  range  of  alternatives 
and  treatment  systems  for  municipal  and  industrial  wastewater  dis- 
charges will  have  been  considered  bv  the  Rtate  of  C.allfornia  as  is 
required  by  Public  I.aw  92-500. 

STUDY  ASSUMPTIONR  AND  LIMITATIONR 

2b7.  All  alternatives  developed  In  this  study  are  comprised  of  com- 
bJnatlonn  of  land  application  comp<>nents  and  conventional  sewage  treat- 
mi-nt  plants.  Conventional  treatment  portions  were  included  in  the  final 
a1 1 r- mat  i ves  since  evaluation  <if  earlier  alternatives  Indicated  that 
the  most  viable  systems  ol  wastewater  managemi'nt  involving  land  ap- 
plication would  be  a combination  of  both  types  of  improvements.  Con- 
sideration of  conventional  treatment  also  was  necessary  to  develop 
general  data  on  sources  and  .imounts  of  treatment  system  sludge  which 
might  be  disposed  of  on  land  and  ti’  develop  a range  of  full  system 
cost;  however,  the  level  of  pr«‘clslon  i <r  convention  treatment 
svstems  was  less  than  lliat  for  land  treatment  components.  Moreover, 
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considerat  Ions  regarding  the  abandonment  of  about  one  and  one-h.jlf 
billion  dollars  of  existing  construction,  selected  for  investment  by 
Federal,  State  and  local  governments  over  other  critical  urban 
problems,  lead  to  the  Judgment  that  long-range  plans  should  utilize 
conventional  treatment  systems  to  the  maximum  in  areas  near  the  well- 
detined  circulatory  patterns  of  estuarine  and  ocean  waters  and  in 
isolated  areas  not  compatible  with  long-distance  transport  of  waste- 
water  due  to  combinations  of  quantity  of  flow  and  topography.  In  the 
final  alternatives  treatment  plant  locations  and  flow-contributing 
geographical  areas  considered  for  conventional  treatment  components 
were  defined  by  least-financial  cost  mathematical  modeling. 

2bH.  Tlie  Corps'  study  does  not  address  a solution  to,  or  the  environ- 
mental effects  of,  combined  sewer  overflows  from  the  San  Francisco 
and  Sacramento  collection  systems  or  the  problem  of  urban  stormwater 
runoff  in  the  entire  study  area.  The  latter  problem  could  not  be 
addressed  because  of  an  Inadequate  data  base.  Since  San  Francisco 
and  Sacramento  are  making  significant  progress  in  solving  their  local 
combined  sewerage  problems  and  solutions  are  expected  in  a near-future 
timeframe,  the  State  requested  that  the  Corps  not  address  those  prob- 
lems in  its  study.  Also,  it  was  assumed  for  the  Corps'  study  that  no 
future  urbanized  area  would  have  combined  sewers.  The  problem  of  urban 
stormwater  runoff  Is  the  subject  of  recently  initiated  and  future 
investigations  by  the  Corps  to  be  performed  in  cooperation  with  the 
State  of  California.  The  problem  is  recognized  as  significant,  however, 
e.irly  indications  are  that  solutions  may  be  potentially  independent  of 
existing  collection  and  treatment  systems. 

269.  Although  the  State's  basin  contractors  have  projected  wastewater 
flows  for  both  dry  weather  and  wet  weather  conditions,  the  Corps'  study 
used  projected  wastewater  flows  based  on  average  dry  weather  conditions. 
The  Corps'  study  assumed  that  excess  infiltration  associated  with  wet 
weather  conditions  would  be  reduced  by  sewer  rehabilitation  and/or 
otfier  flow  reduction  techniques  over  the  study  period.  In  connection 
with  the  Corps'  projections,  peaking  factors  were  used  in  designing 
pumping,  conveyance  and  treatment  facilities.  The  peaking  factors  used 
varied  between  1.5  and  3.0,  depending  on  localized  conditions.  Tlie 
Corps'  flows  and  peaking  factors  are  fairly  well  aligned  with  the 
average  dry  weather  data  currently  being  used  in  the  State's  planning 

St  udies . 

IMl’ACTS  DUF:  to  CHA.NCING  CONDITIONS 

270.  On  18  October  972  the  "Federal  Water  Pollution  Control  Amendments 
of  1972,"  (PL  92-500)  became  law.  The  law  establishes  two  national  goals: 

a.  To  achieve  wherever  possible  by  1 duly  1983  water  chat  is  clean 
enough  for  swimming  and  other  recreational  uses,  and  clean  enough  for 

the  protection  and  propaga  ion  of  fish,  shellfish,  and  wildlife, 

b.  To  have  by  1985  no  discharge  of  pollutants  into  the  Nation's 
waters  , 
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27J.  The  law  also  Increase'.  Federal  aid  to  help  local  governments 
'iiild  sewage  treatment  facilities  and  sets  the  tollowing  deadlines  for 
actions  to  control  water  pollution  from  industrial  .ind  municipal  sources. 

a.  Industries  discharging  pollutants  into  the  Nation's  waters  must 
use  the  "best  practicable"  water  pollution  control  technology  by  1 July 
1977  and  the  "best  available"  technology  by  1 July  1983. 

b.  All  publicly  owned  treatment  works  In  operation  on  1 July  1977 
must  provide  a minimum  of  secondary  treatment. 

c.  All  publicly  owned  treatinent  works  must  use  "best  practicable" 
treatment  by  1 July  1983. 

272.  Some  regulations  necessary  for  implenwntat Ion  of  PL  92-500  are 
still  being  finalized  and  those  which  have  been  issued  were  not  aval’,- 
able  in  time  to  have  a major  impact  on  the  study.  Consequently,  the**' 
goals  and  criteria  of  the  Federal  legislation  are  not  nece  arlly  re- 
flected in  the  design  of  the  wastewater  management  alternatives.  How- 
ever, insofar  as  possible  the  water  quality  provisions  of  PL  92-500 
have  been  considered  In  Identlfv’ng  the  Impacts  and  characterizing 

the  performance  of  the  fina'  wastewater  management  alternatives  and  in 
their  evaluation.  Review  of  assumptions  and  accomplishments  re’  ted  in 
the  study  Indicate  that  all  the  alternatives  would  meet  the  19' 
fluent  limitation  requirements  of  the  law  and  that  Alternative  j. 

B-3,  D-1  and  U-3  and  the  full  tertiary  system  would  m.eet  the  lvo3 
water  quality  requirements. 

STUDY  RESULTS 

273.  As  a result  of  the  Corps'  effort  in  developing  and  evaluating 
alternatives  for  the  management  of  'wastewater  and  sludge  by  land 
application  techniques,  certain  important  considerations  can  be  high- 
lighted. These  considerations  have  been  arranged  according  to  the 

Jor  items  of  Corps  involvement  in  wastewater  management  planning 
as  required  by  the  State-Federal  Interagency  Agreement  discussed 
earlier  ,ind  are: 

a.  Land  application  for  the  treatment  of  wastewater. 

b.  Land  application  for  the  ultimate  disposal  of  sludge. 

c.  Alternatives  for  wastewater  reclamation  and  use. 

d.  Evaluation  encompa:.slng  environmental,  social  and  economic 
C'lrslderat  ions . 

274.  CONCERMI.Nt;  THE  USE  01  LAND  APPLICATION  FOR  THE  TREATMENT  OF 
WASTEWATER : 

Land  application  tends  to  reduce  water  related  urban  Impacts  on  the 
estuarine  system.  The  discharge  of  pollutants  to  surface  water  is 
lessened . 
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Both  the  B-Serles  and  D-Serles  wastewater  management  alternatives 
would  eliminate  the  majority  of  pollutants  (excluding  stormwater 
pollutants)  from  entering  surface  waters  when  compared  to  the  Base 
Condit ion . 

-Since  the  D-Series  alternatives  contain  more  land  application, 
less  constituents  than  under  the  B-Serles  alternatives  would  be 
directly  discharged  to  surface  waters. 

-Implementation  of  any  wastewater  management  alternative  would 
cause  temporary  disruption  of  the  land  sites.  However,  once  the 
project  was  completed,  this  factor  would  be  mlnlmlmized  if  not 
el imlnated . 

-The  use  of  land  application  for  wastewater  treatment  would 
allow  various  crops  (not  necessarily  those  currently  produced) 
to  be  grown  as  a part  of  the  overall  renovation  process. 

With  land  application,  nutrients  would  be  returned  to  the  land  where 
they  could  be  beneficially  used  by  the  plants. 

The  fate  of  waste  materials  could  be  more  easily  monitored  and  con- 
trolled on  land  areas. 

275.  CONCERNING  THE  USE  OF  LAND  APPLICATION  FOR  THE  ULTIMATE  DISPOSAL 
OF  SLUDGE: 

Biological  sludge  contains  various  components  which  could  be  bene- 
ficial to  agricultural  activities. 

-The  nitrogen  content  of  sludge  would  allow  its  use  as  a fertilizer 
supplement . 

-With  the  use  of  sludge  as  a fertilizer  supplement,  use  of  com- 
mercial fertilizer  could  be  reduced. 

The  ultimate  disposal  of  sludge  could  be  effectively  accomplished  at 
the  land  sites. 

-Since  digested  sludge  would  be  stored  in  lagoons  for  two  years, 
the  actual  volume  of  sludge  being  applied  to  the  land  would  be 
about  40  percent  of  that  produced. 

Disc  harrowing  of  sludge  into  the  soil  would  reduce  the  chance  of  any 
sludge  being  carried  from  the  site  by  runoff  during  periods  of  rainfall. 

276.  CONCERNING  THE  RECLAMATION  OF  RESOURCES  AND  THE  RECOVERY  OF 
TREATED  WASTEWATER  FOR  SUBSEQUENT  REUSE: 

Treated  wastewater  would  be  available  as  Irrigation  water;  and  fer- 
tilizer benefits  would  be  realized  from  the  application  of  wastewater 
and  sludge. 


on  the  alternative  selected,  between  97,000  and 
lHh,(H)0  .irres  of  land  could  be  irrigated. 

-Increasi'd  land  application,  in  a m;inner  similar  to  Increased 
normal  irrigation,  could  increase  animal  and  Insect  populations. 

Any  fin.il  program  selected  must  consider  public  health  factors 
and  include  vector  control  rrvinagemcnt  techniques. 

-Oependlng  on  the  alternative  selected,  between  $1.4  and  $2.3 
million  per  year  could  be  realized  in  fertilizer  benefits. 

Land-treated  wastewater  percolating  from  pastured  areas  would  be 
available  for  groundwater  recharge. 

-Depending  on  tlie  alternative  selected,  between  240,000  and 

400.000  acre-feet  per  year  of  applied  wastewater  wltliln  the 
eight  land  sites  would  percolate  to  groundwater. 

-All  applied  wastewater  entering  groundwater  would  be  of  an  ac- 
ceptable quality:  nitrate  nitrogen  concentrations  would  be 
9 mg/1  or  below  and  total  dissolved  solids  concentrations  would 
range  from  800  to  1,100  mg/1. 

-The  percolation  of  wastewater  would  raise  the  current  levels  of 
available  groundwater  and  could  also  help  retard  salt  water  in- 
trusion in  coastal  areas. 

Land-treated  wastewater  percolating  from  cropped  areas  could  be  re- 
collected in  below-  'round  underdrain  systems. 

-Of  necessity,  ground  water  aquifers  must  rise  for  tiie  under- 
drains to  effectively  operate. 

-Depending  on  the  alternative  selected,  between  125,000  and 

250.000  acre-feet  per  year  of  recollected  water  within  the  eight 
land  sites  would  be  available  for  reuse  from  the  underdrain  systems. 

-Recollected  wastewater  would  be  of  a quality  acceptable  for  most 
reuse  opportunities;  nitrate  nitrogen  concentrations  in  the  1-3 
mg/ 1 range  are  expected  and  total  dissolved  solids  concentrations 
would  range  from  bOO  to  1,100  mg/1. 

-Recollected  wastewater  would  be  available  for  various  modes  of 
reuse  such  ,'is  streamflcjw  augmentation,  groundwater  recharge, 
recreation  lakes,  industrial  cooling  and  further  irrigation  use. 
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m.  CONCKRNING  VARG'US  KN'V  I RONMKNTAI.  RVALUATIUN  Ci‘ 1' hl<  I A : 


Both  scrit^.s  of  w.-is  t cw.it  e r irkinagement  a 1 1 e rna  1 1 vi'S  woiili  ifliit  ■ ' ' 1- 
liU*  habitats. 

-Somt"  loss  of  >;aine  habitats  could  result. 

-Hue  to  the  beneficial  supplemental  flows  to  local  streams,  en- 
hancemettt  of  other  itKire  Important  habitats  could  occur. 

Sl>4nificnnt  historical,  archeological  and  geological  features,  with 
proper  design  of  a system,  would  not  be  adversely  affected  bv  the  l.ind 
application  of  wastewater.  However,  preproject  survt'ys  should  lu- 
i n i t i a t e d . 

-Extensive  landscaping  included  in  the  design  of  the  alter- 
natives would  insure  there  would  he  no  overall  lowering  of 
aesthetic  values. 

-Buffer  zones  could  he  established  to  Insure  no  adverse  effects 
on  historical  and  populated  sites. 

Oppc'rtuni  t ii-s  for  public  recreation  would  be  Increased. 

-Reservoirs  for  recollected  water  could  he  made  available  at 
the  land  application  sites  for  boating,  camping  and  picnicking. 

-Streamflow  augmentation  could  be  expected  to  enhance  fishing 
and  hunting  areas. 

-hand  application  provides  the  opportunity  for  increasing  open 
space  which  could  bo  used  for  mini-parks. 

278.  CONCERNING  VARIOUS  SOCIAL  EVAl.UATION  CRITERIA: 

Implementation  of  a wastewater  management  alternative  would  provide 
the  increased  opportunity  for  various  Job  careers  within  t!ie  regiim. 

-The  construction  of  a wastewater  management  alternative  lunild 
provide  numerous  jobs  and  Increased  Incomes  for  l>oth  individuals 
■ ind  communities. 

-The  annual  operat  iin  a.id  maintenance  of  a wastewaU’r  management 
alternative  could  provide  millions  of  dollars  of  income  wltli  the 
region . 

Hie  a I I !•  mat  i ves  suggested  tend  to  Integrate  uriian  and  rural  communities 
and  tlie  impact  on  rural  communities  should  be  cari-fully  evaluated  to 
Insure  a maximum  beneficial  program. 


-Monterey  and  Yolo  County  interests  voiced  strong  opposition 
to  the  use  of  land  areas  In  tlieir  counties  for  the  appiication 
of  wastewater  and  sludge. 

-In  addition,  Monterev  County  residents  felt  that  wastewater 
sliould  not  be  transported  into  their  area  from  the  San  Francisco 
Hay-Delta  Region. 

-There  was  some  expression  of  resulting  agricultural  benefits 
from  individuals  and  officials  in  San  Joaquin,  Marin  .and  Napa 
Count ies . 

279.  aiNCKRNING  VARIOUS  ECONOMIC  CRITERIA; 

Regional  alternatives  with  land  application  components,  designed  for 
year  2000  waste  loads  could  cost  between  $2.0  and  $3.3  billion.  First 
costs  are  Incremental  to  Base  Condition  facilities.  Average  annual 
costs  could  range  from  $355  to  $482  million. 

Becaust*  of  waste  treatment  requirements  and  contraints  with  respect  to 
agricu’tural  activities,  and  crop  losses  during  program  implementation, 
average  animal  agricultural  income  loss  could  range  between  $673,000 
and  $1,230,000.  However,  by  the  year  2000  some  of  the  alternatives 
show  an  income  gain,  in  some'  instances  as  high  as  $691,000,  derived 
primarily  from  system-provided  fertilizer  supplement  and  water. 

Even  with  the  "use  contact"  concept  for  the  acquisition  of  ma^or  land 
needs,  some  property  tax  loss  would  occur  for  purchased  lands.  This 
loss  ci'uld  range  from  $165,000  to  $317,000. 

Some  offsetting  benefits  would  occur  with  the  use  of  land  application 
alternatives  such  as: 

-The  potential  for  reclamation  of  resources. 

-The  possibilitv  of  locating  critical  industries  near  wastewater 
storage  lagoons  This  latter  aspect  could  increase  the  local 
tax  base. 

-The  [lotential  'or  Increased  oyster  production  in  the  San  Francisco 
Bay  Estuary. 

•'gional  alternative  with  land  application  components  could  also  produce 
non -quan  t i f iable  ben«."flts  such  as  open  space  and  new  water  supplies. 

. ."•RF  REQUIRiME,NT.S 

280.  Detailed  plans  for  agricultural  operation  on  crop  ;ind  pasturelands 
have  not  been  addressed  in  this  study.  It  was  felt  that  such  dlscvis- 
slons  were  prem/itiire  until  a basic  land  application  plan  was  selected. 

If  and  when  the  detailed  designs  for  land  treatment  systems  are  under- 
taken. the  following  items  must  be  addressed  in  detail. 


a.  Special  farm  management  techniques  such  as  terracing  practices, 
pesticide  application  and  optimum  fertilizer  schedules. 

b.  Irrigation  schedules. 

c.  Crop  patterns  including  planting  and  harvesting  schedules. 

d Education  of  the  land  owners  on  the  proper  operation  and 
maintenance  of  land  application  systems. 

281.  Other  Issues  must  be  considered  in  more  detail  before  large-scale 
land  treatment  systems  are  implemented.  Such  items  include  the  extent 
of  heavy  metal  translocation  from  the  soil  to  vegetation  due  to  waste- 
water  and  sludge  application;  exact  nitrogen  removal  percentages  bv 
various  crops  under  programmed  growth  patterns;  and,  the  final  total 
dissolved  solids  content  expected  when  the  steady  state  condition  for 
land  treatment  is  achieved.  Pilot  plant  programs  and/or  monitoring  of 
ixisting  land  application  svstems  appear  to  be  the  logical  preparatory 
.t.’p  to  final  implementation  of  a large-scale  land  application  waste- 
water management  alternative, 


CONCLUSIONS 


JSJ.  As  a result  his  study,  the  Corps  has  iiutde  the  following 

conclusions  concerning  the  feasibility  of  tlie  development  of  land 
application  alternatives  for  wastewater  management  on  i regional 
basis  : 


a.  The  development  of  land  application  alternatives  for 
wastewater  management  on  a regional  basis  Is  feasible  and  could 
produce  an  effluent  comparable  to  tertiary  treatment. 

b.  Hie  ultimate  disposal  of  sludge  could  be  accomp 1 i slu'd 
tlirough  the  use  of  land  application. 

c.  Through  the  use  of  land  application,  a valuable  resource, 
reclaimed  water,  could  be  recovered  and  beneficially  used  for  var- 
ious enhancement  purposes. 

d.  .No  major  socio-ecological  or  economic  factors  have  been 
identitied  which  would  negate  wastewater  management  by  land  ap- 
pl icat ion . 


RECOMMENDATIONS 

.’83.  I’wo  regional  wastewater  management  concepts  incorporating 
.'and  application,  each  including  three  separate  alternatives  for 
municipal  and  industrial  discharges,  have  been  described  and  eval- 
lated  in  this  report.  It  is  evident  that  land  application  tech- 
niques for  treating  wastewater  offer  a viable  alternative  means 
of  meeting  Federal  and  State  water  quality  objectives  and  goals 
for  many  areas  of  the  12-county  San  Francisco  Bay  and  Sacramento- 
San  Joaquin  Delta  Region.  Therefore,  ba.sed  on  the  work  accomplished 
In  this  study  and  Its  resultant  conclusions.  It  Is  recommended 
that  tlie  Corps  of  Engineers: 

a.  Provide  technical  assistance  to  the  State  of  California 
on  land  treatment  systems  for  the  disposal  of  municipal  and  in- 
dustrial effluents,  as  requested,  in  completing  and/or  updating 
Comprehensive  Water  Quality  Control  Plans  for  basins  within  the 
San  Francisco  Ray  and  Sacraraento-San  Joaquin  Delta  Region; 

b.  Continue  and  expand,  under  the  original  study  autlirr- 
/..ition  .ind  in  (ooperatlon  with  the  State  of  California  and  the 

'•..ivi  ronmental  Protection  Agency,  data  collection  and  .inaly>--is 
o!  noii-,<f)int  sources  of  pollution  including  urban  stormwater 
riinoM  ; and. 
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c.  Be  authorized  to  prepare,  in  cooperation  with  the  State 
of  California  and  its  local  governmenta 1 bodies,  suhcegional 
feasibility  reports  on  land  treatment  of  municipal,  industrial, 
and  non-point  discharges  in  the  12-county  San  Francisco  Bay  and 
Sac ramento-San  Joaquin  Delta  Region  with  the  objectives  being 
con;  istent  with  comprehensive  polici(*s  and  plans  for  water  quality. 


S'nJDY  PARTI  Cl  TATI  ON  CROUPS 


A.  LAWRKNCK  HKRKKLKY  UXKORATOKY  (through  (.he  Atoniic  Energy 
Conimission)  - liiformntion  was  provided  on  industrial  flow  and 
constituent  projections. 

B.  PBQJiI),  IN'C  - Provided  data  on  the  following  subjects: 

Land  site  identification  and  evaluation. 

Wastewater  application  to  land. 

Land  site  development  and  environmental  assessments. 

Sludge  and  residual  solids  characteristics,  treatment,  and 
transportal  ion . 

Disposal  of  sludge  by  various  land  application  methods. 

Environmental  impact  assessments  for  the  representative 
land  sites. 

Special  consultant  reports  in  the  following  areas; 

lONF.S  AND  STOKES  ASSOCIATES,  INC.  - Criteria  and  consid- 
erations for  the  selection  and  evaluation  of  wastewater 
application  sites;  preliminary  survey  of  wastewater 
apnl teat  ion  sites. 

HAKDINC,  MILLER,  LAWSON  & ASSOCIATES  - Wastewater  land 
site  identification;  soil,  geology  and  groundwater 
studies . 

STONE  AND  ASSOCIATES  - Sewage  effluent  disposal  through 
utilization  by  tree  covered  ecosystems. 

SAN  FRANCISCO  BAY  MARINE  RESEARCH  CENTER,  INC.  - Environ- 
rm-ntal  considerations. 

KENNEDY  KNCINEERS,  INC.  - Water  quality  and  public  health 
criteria. 

SEtjUOlA  CROUP,  BERKELEY  - Public  health  considerations  at 
the  representative  land  sites. 

DRS . .1,  W.  BICCAR  AND  .1.  N.  LUTHIN  - Land  and  water  quality, 
and  irrigation  and  drainagi-. 


C,  BERKELEY  PI.ANNINC  ASSOCIATES  - Social  well-being  considerations 


